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P U E F A C E. 



The nortb-eastern parts of Yorksliire, with their adinirnbly clear I 
r coast- sections of the Jurassic rocks, have been clasMic ground to ] 
the geologist since the first general sketch of their structure was 
published iu 1813 by AYilliam Smith. From that date dowu to 
the present time they have been the subject of a voluraiooua 
literature. Smith himself elaborated his first outlines, and pub- 
lished ii more detailed map of Yorkshire (1821). Shortly after- 
wards came the " Geological Survey of the Yorkshire Coast " by 
Young and Bird (1822), followed a few yeara later by Phillips' 
"Geology of the Yorkshire Coast" (1829), Of the numerous 
fossil mollusca obtained by various L'ollectors from these aboreSj [ 
figures and descriptions continued to appear in Sowerby'a " Mineral ' 
Oonchology" (1812-1829), and furnished the first basis for 
palieontological comparison. The more recent contributions are 
too numerous to find even mention here. But reference may be 
made to the important labours of Blake, Davidson, Hudleston, 
Leckenby, Lycett, Monia, Simpson, Tate, Williamson, Wright, i 
and others.* 

The Maps, Sections, and Memoir, now published by the Geo- 
logical Survey from ongtnal observation, afford some measure 
of the advance made in geological mapping aincc Smith's first 
masterly outlines were published, aixty-seven years ago. From 
the manner in which the iFurassic rocks of Yorkshire, as exposed 
on the coast line and in the interior, can be subdivided and traced, 
they present an admirable area for the study of geological 
structure and the relations of this etriicture to the forms of the 
ground. The qqarter- sheet of which the following chapters are 
an explanation affords ample material for the prosecution of this 
study. Regarding the interesting estuarine character of the 
Lower Oolites, already discussed in previously published Memoirs 
(95 S.W. and S.E. and 96 S.E.), further information is here given, 
the whole series of strata being well developed in the dlBtrict, and 
the marine bands being speciidly distinct. From an economic 
point of view much importance attaches to the ironstones of the 
Middle Lias. These are briefly referred to here, but fuller 
information regarding them will be given in the Memoir de- 
scriptive of the typical Cleveland district where the ironstone is so 
largely developed (Sheet 104 S.W. and S.E.) 
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9th October 1882. 



ARCH. GEIKIE, 

Director General. 



■ Foil ruferences to the lilcriture of tlie subject will be given in a snlifltqueDt 
to general Memoir. It may be mentioQed liere that a list of puhliehed wrilingft 
t)ie Geolofcy of Yorkehire up to IST3 was uppeaded b? Mr. Wbitaker to the 
3rd Edition of Phillips' " Geolopj' of the Yorkiihire Coast" (1875). nod that this 
List lias been Buppleraentcd b/ Mr. J. W. Davis in the Proceedings of the TorksMro 
Geol. nod Folj-tech. Soc., N, S., vol. vi., pp. 198. S\S, and toI. tII., pp. 97, 212, 
)13, 453, 
11363 
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The survey of tbe area described in the following Memoir wan I 
conducted under tlie superintendence of Mr, H. FI, Howell,^ 
District Surveyor. Mr. Strangwaya surveyed part of the Oolitio.1 
dietrict ; Mr, Barrow surveyed the Lias and part of the Oolites. 

Mr. Barrow describes the Lias, the Oolites to the top of the 
Lower Estuarine Series, and the Whinstone Dyke. The Com- 
brash and all the later Oolites are described by Mr. Strangways. 
The rest of the ivork is written by both authors jointly. Tlie 
Lists of Fossils have been revised by Mr. Etheridge. 

Eight of the corresponding aix-inch maps of Yorkshire, wholly 
or partly comprised in this Quarter Sheet (95 N.W, ; Sheet 44, 
New Series, of the Ordnance Survey), are published by the 
Geolopcal Survey, viz,:— Sheets 32, 33, 46, 47, 62, 77, and 
78. Sheets 61 and 76 are not intended for publication, but 
MS. coloured copies are deposited in the Office for reference. 
Sheet 67 of Vertical Sections illustrates ihc Lower and Middle 
Oolites of the Yorkshiie Coast. Horizontal Section, Sheet 130. 
is engi^aving ; othera are in course of preparation. 

H. W. BRISTOW, 

Seniot Director. 
Geological Survey Office, 

28, Jermyn Street, London, S.W., 
9th August 1882. 
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CHAPTEB I. 



INTHODUCTION. 



I- 

^^^V It is intended in tliis pamphlet to describe the geology of that I 

^^^^ ])art of the inoorlanda and aeacoast lying between Whitby and I 

Scarborough. 1 

The map, although covering a land area of not more than about I 

88 equai-e miles, includes Bome of the most interesting parts of ' 

Eaat Yorkshire, 

The only town of any importance is Scarborough, tlie south 
edge of the map just crosain" the northern part of the town. 
There are, however, several villages of considerable size, the prin- 
cipal being Hackness, Scalby, Cloughton, and Burniston, in the 
neighbourliood of Scarborough ; and Robin Hood's Bay, Fyliug 
Thorpe, Aisiaby, Sleights, and Sneaton, near Whitby. j 

The greater part of the area is wild moorland ; but the numerous 1 
intersecting valleys are generally brought into cultivation, audi 
^^^_ are covered with small farms. I 

^^^K The principal rivers are the Derwent and the Esk. The former I 
^^^^t ul' these takes its rise in these moors, and Sows south through the I 
j^^^P picturesque gorges of the Oolites to join the Humber; the latter, 
l^^^ with its tributaries, flowing north and eaat to the sea at Whitby. 
The rest of the drainage of this district is carried on by the small 
becks which run down to the coast at Hayburn Wyke and Robin 
Hood's Bay. There is also an artificial branch to the Derwent, 
which takep the flood-water of that rivei-, and, draining the low 
country near Scalby and Burniston, enters tlie sea at Scalby 
Ness, 

The watershed dividing the drainage of the Derwent from thabJ 

I of the Esk rises to a height of 978 feet above the sea at Ltllal 

I Cross. 1 

The rocks coming to the surface in this map comprise the whola i 

series of the Middle and Lower Oolites as they occur in Yorkshire, . 

Land descend to beds well down in the Lower Lias. 




r Geology of whitut a\i> gCARiioROCGrr, 

The following are tbe geological funiiation? wliioh ocnir in tlic 
ilJBtrict : — 



I'oBt Tertiary 

Terliai-j? 



Tabh vf Formationt. 

['Recent and f Alluvi 

-< Post Glacial. 1 Peat. 

LOlaoial ' ■ 



Middle , 
Oolite " 



- Boulder Clay and Gravel. 
Biisalt ( Whinstone). 
Upper Oalcarooua Grit. 
rUf»pcr Limestone and Coral 

Coralline J ^^^^.f--. , 
Oolite ' -Midale (^alcarcoi 



i Grit. 



I Lower Limestone and Coral 
L ,R»B- 

Greysfone or Passage Beds. 
Lower Calcareous Grit. 
Oxford Clay. 
Kcliaways Rock. 
Cornbrasl!. 
rtrpper Estuarine Series. 
Scarborongli or Grey Lime- 
stone. 
Inferior J Middle Eatuarine Series. 
Oolite I Millepore Bed. 

Lower Estiiarine Series, witli 
I ' Eller Beck Bed.' 

Blea Wyke Sands. 
Upper Lias. 
Middle Liaa. 
I^ower Liaa. 



CIIAPTEIi 11. 



LIAS. 

Lower Lias. — In the district embraced by Sheet 95 N.W. the 
Lower Lias consists of a raass of dark argillaceous shales, sliglitly 
sandy, with hard marly bunds in the Tower paft. It niny be 
roughly divided on lithological and palieontological groundh into 
two parts, each of which may be subdivided into two zones or 
regions characterised by a distinct fauna. Tlie only section which 
osposes any considerable portion of these beds is that in the cliffs 
and acars of Robin Hood's Bay. The following table is a summary 
of the rocks there aeen :* 

r (6.) Soft shales ivilh rows of ironstone doggers : 

I A. eapHcornus; Gryphaa obliqttota. (Zone 

of A. capricornuB.) 

(d.) Soft shales with rows of pyritous nodules : 

A. Jametoai, Gryphtea obliqiiatB, Pititiii 

folium. {Zone of A. Jamesoni.) 




B. Soft shales with 
rows of ironstone dog- 
gera and pjiitous no. 
dules, 320 ft. 



^ "Xliis and all socceediug tables and s( 



a arranged in descending- order. 




. Soft sbulee with a 
I of sandy and' 
r marly bands, 140 ft. 
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LOWER LIAS. 

(b.) Shales with hard aandy bunds, the upper 

[lartfl covered by fucoidBliDarkinga: Grypheea 

iacarra in scattered groups ot S or 6 ; Am- 

mottiles abundant. {Zone of A. oscynottu.) 

{a.) Shales with, marly calcareotta bands, generally 

(■ery shelly : Grj/phaa incurna ,- H^popodium 

-. pondernsam occurring inbanda; Amnumiles 

L Memkostolus. [Zone of A. BucklaTidi.) 

A, (a.) These beds, which form the zone of A. BucklaniH of 
Tate and Blake,* are only aeen at low water, forming the series 
of outer scars in the bay, dipping in a direction at right angles to 
the coast line. The average dip is about 4°, and as the breadth 
of the outcrop is about 300 yards the thickness of rock exposed 
5a about 60 feet, consisting of rather soft grey shales with harder 
sandy and somewhat calcareous bands interspersed. Near the 
shore A, Turneri is the predominant form, often accompanied by 
layers of Hippojiodiiim ponderosum, whilst A. nemicoxtatiis ie 
abundant on the further scare, A. Bnvhlandi being also found 
occasionally. 

These scars are often so covered with weed that it is impossible 
to examine them, but at the end of a hot summer the weed dies 
and is washed away, ao that the scars can be best studied in Sep- 
tember and October. As, however, they are only exposed for 
any distance seaward at low apiing tides, they are never verj' 
easily investigated. The following is a list of the chief fosMk 
found here ; — 

Gryphaia areuata. Lam. 

Lima Hettangieiuis, Terq. 

Motwtis incBquivalvis, Sow. 

Pecten calvvs, Gold£ 

ThioUierei, Dumort. 

textorius, Schloth. 

Perna ijifraUassica, Quenet. 

Cardinia hybrida^ Stutch. 

PTotocardium oxynoti, Quenst. 

Hippopodium ponderosum, Sow. 

Leda galathea, D'Orb. 

Renevieri, Opp. 

Lncina limbata, T. and P. 

Modiola Uevis, Sow. 

Nucula tutvix, Piette, 

Pkoladomya glabra, Ag, 

Chemnitzia trioia, Tate. 

CeritMum, sp. 

Dentalium Etalense^ Terg, and P. 

Ammonites Bueklandi, Sow. 

semicostntus, Y. and B. 

Turneri, Sow. 

BeUmnites actiius, Miller. 



♦ The Yorkshire Liaa, by Ralph Tale add .J, F.BIako. 8vo, Load., 1«76, 
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A. (A.) Tliese beda consist of allernating layers of soft ehale 
and bnnda of sandy mar), the kttev heing remarkable for the 
fucoidal iiiipreeeionB upon tlicm, which are rendered viitihle by the 
tuition of tlie sen water. Ae a whole, these bods are not very 
productive of fossils, if we except Ammunihs, which, both in 
variety of Bpeciee ond number of individualB, are more abundant 
here than in any otlier part of the Lower Lias in this diatrict. 

Besides being abundant the Ammtmites of thia group are very 
rcistricted in range, and occur in definite lines. The uppermost por- 
tion contains A. armatus and A. densinoth/g in considerable num- 
bers. At about the middle of the beds there ai-e two lines of small 
doggers or nodules, in almost every one of which the small A. ijaga- 
feus occurs, often accompanied by small specimens of A, ojyiwtiis. 
A. Simpsoni ig also chnnict eristic of this horizon. Towards the 
base, fragments of A. saggitarius are frequently found, and form 
another well-marked horizon in thi^ group of beds ; whole speci- 
mens are very rare. 

A point of interest is the occurrence, about the middle of the 
series, of large lenticulai- discs of ironstone, usually unfossiliferous, 
witii cone-in-cone structure developed in the lower part. They 
generally rest on a mass of broketi crinoldal fragments, principally 
remains of Pentacrinus tuberculatus, in such a manner as to 
suggest the origin of the cono-in-cone structure immediately 
above. Tlieae discs are sometimes as much as 15 feet 
diameter. 

The highest of these beds of the A. crynotus zone forms the ecar 
opposite Bay Town, at which point they are dipping nearly du^' 
north ; from this point southwards they rise into the cliff un^' 
near the middle of the bay, where the highest bed is about. 
90 feet above sea level, the beds now dipping nearly due weet. 
The dip gradually changing to south, the strata descend till the 
bed that is opposite Bay Towo forms part of the scar against the 
Peak fault, about 100 yards from the foot of the cliff. Thus we 
have two nearly complete sections, from which the following has 
beeu compiled : — 



m 



Section o^ A. luynolus Beds, Uobin Hood's Bay. 



Saii dark shales resting on hard mndj calcareous tied 
witli fucoidal markings, Gryphia and Belenmites 

Soft sandy sbalea : A. Taricostatut, A, ormalus, A. diulres- 
seri, Gryphiea ohliquala . . . - 

Hard sandy band .... 

Hard sandy sbiile"; Rhynoionell^i variabilis 

Hard calcareous sandy band, forma the second well- 
marked sear Modiola scalpriim - - 

Sandy shale witb irr^ularly scattered discs of ironstone 
resting on crinoidal remains : A. artna/us, several species 
o{ AmmoDifes in hard nodules ■ - 

Hard femiginoua sandy shale, almost an ironstone 

Bard sandy shale with crinoidal fragments - • 

Hard slialy calcareous sandstone, fourth u-cU-marked scar : 
A. obsotettis 
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Fl. 111. 
Sandy shalo with many Ijelemnite remains, harder at base, 

Fine specimens of Gryphaa incuna - - - 5 6 

Soft shale - 2 

Hwd aandy band. This, wth the two beds abore, form u 
faint double line in the oliiF, and a small terrace at the 
mouth of Mill Beck, where a considerable number of 
foa^s may be obtained on the top of the t«rraee or 

ledge 111 

Hard sandy shale - - - - -CO 

Softer sanay shale ; A. subptanieosta - - - 5 7 

Shale, soft and grej, with a line of ilogftera at base con- 
tftininR A. liensitiodtti, A. raricoslatus, A. impendent, 
A. Simpsoni, A, oasno/us - - • . lU 

Hard calcareous bed coTcred with fucoidal markin);s 

crosses the Hwuth of Mill Beck : Pseii/ioglyphma (?J - 1 3 
Soft shale, with Homamya ventrieoia - - - .') 

Hard calcareous band; this and the two above make a 

strong scar and a well-marked lino in the cliff . I) 9 

Shale with remains of Penlaerinus ttthtreidului, Belemnitei 
aculut, Modiola lavu. At the base is a row of small 
doggers containing jj, ^a^ufms in great numbers, also 
A. oxynotui - - • - - -73 

Shale, soft and dark, with line of nodules at btise, ooca- 

sionally containing A. gagateua, A. planicosla - . d 

Below this point it is not easy to trace the acars into the cliff 
with any certainty ; so that we may summarize the rest of the 
series as consistiiig of soft shales with occasionaJ harder bandaj the 
whole being about 35 feet thick. Throughout these shales frag- 
ments of A. saffgitariuf, ci form closely resembling A. Jamesoni, 
arc very abundant, but entire specimens arc extremely rare. 
A. obiusiis, A. (ibsiiletus, A. semicostalws, mid Belemnites acuttis 
are also common forme. Tate and Blake* have included about 
10 feet of shale with two hard bands, below the shales described 
above, in their zone of A. o^ynotus, on account of the occurrence 
of vl. planiri'sto ; l)iit the upper limit would seem the better marked 
pbysicaJly. 

The average thickness of these beds is thus about 110 feet. 



B. (a.) The shales of this portion of the Lower Lias are es- 
sentially soft, dark, and argillaceous, particularly so in the lower 
part. The upper boundary, which is purely palffiontologicnl, is 
fairly marked by the sudden disappearance of Pijina foUum and 
A. Jamesoni, as welt as by the marked increase of the bands of 
argillaceous ironstone. 

Eands of small ironstone doggers occur at intervals in the 
shales of the zone of A. Jomesoni ; hut, in the lower portion 
especially, their place seems to be taken by masses of iron pyriict 
in bands or lines : the mineral occurring in imperfectly formed 
tetrahedra. The abundance of pi/ritcs is quite a characteristic 

* Torkahire Lias, p. 75. It will lie found that the chnrBcteriaric AumouiUa often 
extend wiuiderably alioTe or below the position mailed them b; theee authors. 
This is specially the case vith A. armaUit and A. capricoivni ; the latter ascending 
into the A. maryarilalua toat, and the former descending a cocsiderable depth into 
the zone of A. oxynului. 
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feature of the^e eli»leg ; ui&ny of tlie siaoller Amvioiii/i-n, e^peoinlly 
A. densinodus, being componed entirely of it. 

The entire series may be examined on the scara north-east of 
Bay Town, where the beds form a large fliit expanse of shales, 
with fossils occurring, singly or in masse!^, at irregular intervals. 
These maBsCB are calcareous, and conaiet chiefly of the Bhella of 
GryphiEa,Pecten,»aA fiW^-Mifiife^, in sniaII,eoiaewnat conical heaps ; 
forming a feature that is characteristic of thia pai-t of the Lower 
Lias. The chief foseils which occur scattered are A. Jamesotir 
and A. brevispina in the upper bedi< ; while A. armatus and 
A. densinodus are sufficiently common in the lower. Pinna folium 
occurs abundantly throughout ; while Gryphma oblufuafa is found 
in greatest profiision near the base. A remarkable point about 
this fossil is that while in the shales immediately abore ihe 
A. oxynotus beds it is narrow and eulcate, much resembling the 
true G. incurva, the form gradually becomes more dilate, and the 
sulcus ahnost invisible, aa it passes upwards towards the Middle 
Lias. 

The following is a detailed section of tlieae beds as seen in the 
cliff and on the scare of Robin Hood's Bay : — 



Grey micaeeoua shale ... 

FemiginotiB nodukr band 
GtBj micaceous shale : Qryplma and 
A. Jamesoni {?), Protocardiam truncotum 

Ferruginoua doggers - . . 

Urey micaceous ahale : A. brevispina. Pinna foliam, 
Gryphaa obUqaaia, fossil wood, &c. - 

Ferruginoua dogger band with fossils 
Grey micaeeoua shale ... 

Dogger band - . . 

Grey imcaceous shale • . - 

Dogger band . - . 

Black crumbly shale, with many fusails: Belemnites 
elegans, PUcatula npiaona, Gri/pnira, &c. 

Dogger band - - - 

Dark grey argillaceous ahale 

Dogger band - . - 

Dark shale , . - . 

Dogger band ... 
Dark ar^Iaceous shale ... 

Dogger band, very jiersistont - 
Dark shale* : Pinna folium, Gri/ph^i/, Sic, 

Dofjger band . . - 

Shale, dark and argillaoeouB, ivitli many scattered 
Gryphirii, PirtttafoHum, &c. - 

Nodular band - - - . 

Dark soft argillaceous shale, nith large Belemni 
Dark shale, weathers white, when dry - 

Dogger band irregulai'. 
Dark argiffiiceoua shale with crinoidal fragment! 

much scattered pyrites ... 

Dark aq^illaceoua sb^iles with irregular patchi 

fosaila , - . . - 



i 



:i 4 

3 8 



■s tbe foot of the cliff, where it is interaec'ed hv u small fault. 



Pine gtuined elialo with thiD wbite lines (occurs at fuot 
of first nab): A. armatus, Belemnilei, Pinna /ohvin, 
Gryphaa Obliguala, &o. ... 

Thicli dojfgcr band _ - - . 

[Uther liard abale, layer of radiating m'l-itea at base 
Softer ahnle witb much pjritea : A. amsinodas 
Daric aiiale with flattened nodulea . - . 

Dark shale ivitli decomposed pjritouB band - 
Compact shale, many Gryphaa , . . - 

Shale with many doggers ... 
About 30 to 40 feel of dark ahalea occur below this, 
contfuning many Belfmnites, Grt/ph^a, 8;c. ; A. den- 
smodus in great numbers, Lima pectiaoides. Inoeeramiis 
dubbia, PleuTomya Galalliea (/). 



Total 



- 18(1 3 



The only other exposures of this series are in the neighbour- 
hood of Kobin Uood'e Bay, iu the eidte of the small streams that 
flow into it, such as Mill Beck ; and in the base of the high cliff 
on the iiorth-west side of the great Peak fault. 

B. (S.) Thia series* consists of about 140 feet of grey oiica- 
ceous shale, light coloured and sandy in the upper part, darker 
and more argillaceous in the lower. Perhaps the laoat charac- 
teristic feature of these beds is the occurrence of bands of ironstone 
doggers, often septariated, at intervals of a few feet The septa- 
riated doggers constantly contain zinc-blende, and in many cases 
the prevailing Ammonite occurs as a cast entirely composed of 
blende. Some of these bands are very persistent, and can be 
ti'aced as far as the beds of shale in which they occur ore viable. 
Two in particular, a few feet apart, may be noticed, about 50 feet 
below the top of the Lower Lias ; the upper one contains A. Jim- 
hriatus, while the lower is a thin seam of white fepeckled clay- 
ironstonej with a layer of small Perteits and Bdemiiites ut the 
base.t Others, no doubt, are generally [Teroistent, hut have no 
sufficiently marked peculiarities by which they can be traced. 

A complete section may be seen on the shore and in the cliff, 
showing the junction with the Middle Lias at the North Cheek, 
Bobin Hood's Bay, and the gradual change, very slight, to the 
beds of the zone of A. Jamesoni below. The upper beds are 
rather hard, sandy, and micaceous, being also very regularly 
jointed. In consequence of this latter feature, large prismatic 
blocks, often nearly a ton in weight, fall fi^m the face of the cliff; 
and in these blocks specimens of A. eapTlcornug are fairly 
abundant, accompanied by (and sometimes included in) small 
round ferruginous doggers, which formerly were sometimes mis- 
taken by the ignorant for cannon balls. An immense acoiunu- 
lation of such blocks may be seen at foot of the cliff on the 



• This aitision includi 
lOakc. 

t These tuo baniig eon he Been 
SO milts froxa Robin Hood's Bay. 



about in feel»f the zone of A. Jamcsmii of Tale and 
ajjaJu tit Staithes, and followed thence to Saltijurn, 
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\ north-west eide of tlie Peak limit, tiw pUcc fruin wliich thcj- 
have fallen being inacceBEiliIc. 

As a whole, thcne beds ore not productive of ta&ny foaaila. One 
or two epjciee, however, occur fairly abund&atly ia cerlftin lines 
of doggers; such aa A. capneornug, A. fimbriatus, and particularly 
the small Pectcn lunularie. 

The following detailed section was mefiBured between the 
\ North Cheek and a pouit half way to Bay Town :— 

Fi. In. 
Thick h&ad of Gryphan, Stc. .■ hue of Midiile I.itts. 
Sandy shale, wthet hnrd, with small doRgtrs, eu- 
closing A. eopricornui - - - - !l II 

Thick dogger banii, with occasional fossils - fi 

Softer sandy ahale with rows of very round small 

dogRers - ■ - - - -5 

Dark shale, many scattered Bpecimena of A. capricnrnua - G (! 
Shale, grey and micaceous - - - -70 

Shale, s;rey and micaecoua - - 

Shste with A.jimbTiatus, A. capriconms, & 

Small nodular baud 
Shale, light grey and mieaceoua 

Nodular band with cone in con 
Shale with Cryphaa, Belemnitet, &c. 
Shale, grey and micaceous 

Dogger band 
Shale ivith Bflfmnites. A.fiinbriatus - . - 3 

Dogger hand, im persistent. 
Shale, soft grey, wlh scattered doggers - - - 1.^ 

Shale, with A.fimbriafus, A. Henteyi, &e. - - 3 

There are several esiwaurcs of these shales in the Robin Hood's 

, Bay district; but, as a rule, they are difficult to examine, the 

etreams passin" over them cutting deep gorges with occaaionally 

I pools and small waterfalls, making many of the finest sections 

t inaccesaible. The upper part, with A. caprieornus in the small 

' round jronstone doggers, ia well shown in Tan Beck, above the 

Peak Alum Works ; and the junction with the Middle Lias above 

is also clearly exposed. 

In Butcher Close "Wood tlicre is a gorge in black shale with 
flat ironstone doggers in bands, giving a clear section of nearly 
' the whole of the A. cnprirornus beds, consisting of the darkbliiisli 
* lumpy shales mth iron-stained edges, and rows of ironstone 
doggers enclosing the typical Ammonite A nearly similar section 
may be seen in the other branch. Mill Beck, of the ibrmer slreanij 
a httle below the new bridge on the road from Park Grate to 
Fyling HaU. 

The only othersectiona of these beds arc to be found in Eskdale, ' 
in the banks of the Eak between Sleights and Grosmont. The 
finest 19 at Blue Scar, so called from the exposure of these bluish- 
grey shales, where nearly 100 feet of them can be seen, with 
many rows of ironstone doggers. But beyond an occasional speci- 
men of A. caprieornus and a few small Belemnitts, the steepness 
of the Bear ie so great that no foSBDa can be found, On the north 
bank of the river two small sections are exposed in the railway 
I cuttings, close by the stream. The first ahowa several rows of ' 
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small flat ironstone doggers in bluish ahale ; the second, aouth- 
weat of the former, ahowa a lighter coloured nnd more sandy shale, 
with the basement beds of the Middle Lins above. 

The following list of fossils from these beds at Robin Hood's 
Bay 19 from Tate and Blake (pp. 91j 92). 

Jf'ood. 

Gri/phrea eymhium, Lam, ; Vai: depressa, PhilL 

Monotis in<Bquwaleis, Sow. 

Crenatula (Inoecravius) ventricosus. Sow. 

Modiula numismaUs, Oppel. 

scnlprum, Sow. 

Pholadomya Beyrickii, Schlonb. 

Ammonites capricornus, Sohloth. 

Jimhriatus, Sow. 

striatu.i. Rein. 



Middle Lias. — The Jliddle Liaa of this district is divisible into 
two parts ; the npper consisting of shales, with thin bands of iron- 
stone of variable thickness, the lower of sandstones and bard 
shales, with sandy thick beds of Gi-yphoia, Cardhnn, &c,, con- 
stituting d sandy marl. 

The peculiar feature of the whole ia the large quantity of iron 
occurring in the beds ; either localized in bands, as in the upper 
series, or distributed throughout the mass, as in the sandstones, 
which often contain an average of more than 15 per cent, of ii-on. 
In both series of rocks the iron occurs in the form of Carbonate, 
which imparts a bright blue fracture to the stone when nn- 
weathered; indeed cases have been known of the sandstones of 
this lower series being mistaken for the main seam of ironstcue, 
on account of their blue colour, especially when found at a con- 
Mderable depth from the surface. 

The lower part of the Middle Liaa is now called simply 
" Sandy Series," as it seems better to abandon Phillips' term 
"Marlstone," which has been used to signify three entirely 
different series of Btrata ; and which, moreover, ia applied in the 
Cleveland district to all the beds between the Main Seam and 
the Lower Lias. 

The beds of the Lower or Sandy Series are remarkable for the 
prodigious numbers of fossils, chiefly of a few species, which they 
contain. Of these Cardium truncatiim is the chief ; and if a new 
name were required for this division of the Middle Lias, "Cardium 
trtincalum Sandstones" would probably be as good as any. In the 
lower part Gryphaa cymbiuin predominates, and is accompanied 
by Aviutila i7i(Bqmvalvis ; calcareous bands near the base often 
consisting entirely of these two species. In one particular lei 
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Dentalittm gigantcum occurs in cotuiderablo iiutubf>r><, wbilij^ 
Brtemiiites and Pecten ai-e tolerftbly iibiindoDt ihroiigtioitt. 

Tiie sandstone itself haB a bluish tinge before e:t|ioeure to tht 
atmoiipherc ; but as the iron and lime are slowly dissolved i 
the stone often clmnges to a soft, close-grained, tuloiiceou?, flaggi 
sandstone; the Hflggy structure being partly occasioned by i 
lines of shellf". LTpoii splitting the stone open tlie fiices are mostly 
found covered by cast^ of shelly principally Cardium, GrypJuea^ 
Pecten, and Avicjih. Where ihe sea baa acted upon blocks of 
this sandatone, the salt water seems to ratlier harden tho lime and 
iron ; and thus the fallen blocks on the beach may be split up 
iilong the lines of fossils, and excellent small flag6 be obtained 
perfectly eovei-ed with Pccie?i, Gryphaa, &c., stained a rich red 
from the iron they contain. The paved footway down the hill 
to Bay Town is chiefly made of such fossiliferous slabs, which 
have first fallen from the cliff, then been hardened by eea-water, 
and finally carted awny for flagstonea. 

The beat section of these beds is just round the North Cheek 
: of Kobin Hood's Bay, and is as follows, in descending order: — 

Fi. In. 
Thin calcareous sandy lianj, forms the top of Dobson's 

Nab : layers of Carditm truneatum. Sic. . . |(1 

Hard sandy shale ■ - - . 4 (■ 

Calcareous sandy ahole ; Hentatium f/ignHtfUm, Gnjphirn, 

Cardiam truncatum, &e. abundant - - 5 

'Oloae-grained sandstone, ferrnginous and calcareous, 
oontwning four distinct bands of Gryphtea, Cardinal, 
&c. ■ - - - - - " " 

Hard sandy shale with A. n:argaritalas. Pecten, Be/em- 

nites, Sic. in bands ... 

Dogger band - . - . . 

Hud sandy shale with an , eight-inch fossiliferous 
nodular band at haae . - . . 

Hard shale, darker than above : Pecten, Belemnites, &c. 
CalcttreouB and ferruginous dogger Imnd ; A. copri- 

Hard shale - - - - - 

fVery hard fctcuBinous sandstone, containing lavers of 

fosaiU ; Dentolium gigantmm being very abundant in 

the uppermost ; A.eaprieonms, Bet.clavalus, Gryphan 

cymbium, &c. abundant; Cardium truncatum being 

found occasionally - - - - 

Sandy shale with dogger band at base 

Sandy shale irith scattered fossiliferous dopgera and 

fossil wood . - , . 

Dogger hand with fossils . - . . 

8h^e with band of septarialed nodules at base - 
Shale with thin lines of Grypliira, &c. - - - 

Shale with lioggcr baud at base, almost composed of 



accompanied by A. c/ipricorims, Eiwycliis 
Rhynchonelta calcicosta, Belemniles, &c. 



•rorma the root of Cnallc Chamber, a small hollow in the d iff a 
4 forms [he flooi of Outle Chamber. 
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When measured with a rope ihe thiokiiess was founJ to be 
about 60 feet; but aa the cliH'was not quite perpendicular 54 feet 
is probably nearer the truth. 

Tate and Blake have objected to this baseline for the Middle 
l.ias, as paselng through the middle of the zone of A. capricornus. 
But, in the firat place, this ie the line adopted by the Survey for 
thereat of England, and therefore must be carried on throughout ; 
secondly, it is a line that can be accurately traced. It is iraposaible 
to map any boundary lioe between this and the top of the 
A. oxynvtua beds, and as these latter hardly ever crop out in 
N. E. Yorkshire, we are practically without any well-marked 
division, or <latuni line for meaaurenaent, below the Ironsto((e beds. 
In addition, the sudden lithological change ia accompanied by a 
very marked change in physical condttiona ; down to the baae of 
the Middle Lias there ia an abundance of Molluscan ahells, whilst 
in the very uppermost portion <if the Lower Lias there is a 
marked paucity of fossils. Hence this line ia eaay to trace, is 
warranted by physical reaeona, is of practical utility, and more- 
over has been followed continuously tliroughout England. 

The following is a list of the chief fossils observed in the section 
beyond the North Cheek, Robin Hood's Bay : — 

Ophioderma Milleri, Phil I. 

Monotis incequiualvis. Sow. 
Pecten tequieahis. Sow. 

lunularis, Rijm. 

substriaUia, Rom, 

Gresslt/a lunulata, Tate. 
Hippopodium poTiderosum (?), Sow. 
Leda minor. Simp. 
Modiola acalprum. Sow. 
Pholadomya amhigim. Sow. 
Protocardium truvratiim, Sow. 

Dentalium gigantenm, Phill. 

Ammonites caprieornua, Schloth. 
' — margaritatus, Mont. 

There are several exposures of these beds in the Robin Hood's 
Bay District. On the W. side of the Peak Fault the cliff is 
capped b/ the sandatones and sandy shale of this series. The 
pathway down to the great slip under the cliff at Peak is ahnost 
on the line of Fault, and to the left the sandstones are seen, con- 
taining the following species : A. margaritatus, Hippopodium pon- 
der osum, Cardiuin truncatum, and Gryphaa cymMum, in abundance, 
Dentalium, &c. But as they are almost all casts this ia not a good 
place for collecting. From this point the sandy beds make a well- 
marked terrace round the south-east side of the great amphi- 
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theatre of the Bay, and sink under the Boulder Clay 1>eneatl) the 
Brovr Alum Quairy. 

It is imposaible not to regret tliia covering of Boulder Clay; as 
nothing ia more striking than the extreme symmetry of the south- 
eaat end of the Bay, where the beds crop out to the aurfiwje in a 
auccesaion of curving terraces ; whilst the north end, from its thick 
covering of Boulder Clay, seems almost ahaiioloss. In thia natural 
exposure of the beda several small sectiooa may be aeen, principally 
in the narrow but deep ditches that drain the fieliJa ; only in Tac 
Beck, however, 13 there a section of the whole of these sandy beds. 
The sandstones are cut through in the road at Susanna Hill ; but 
westward of thia we have no sections till we reach Butcher Close 
Wood, which is situated on the sides of the south branch of Mill 
Beck. Here the base of the Aliddle Lias is exposed ; the section 
being oe follows, in descending order : — 

Feet 
Shole, hard and sandy - . - ■ - 5 

Satidatone, laminated, and full of casts of Apicalainaqinvaletx, 

Grypbaa ci/mbiam, and A. capricoriius - - - 3 

Hard sandy shale slmost white ; dark shales tvith small iron- 
stone doggers, and containing A. ciipritomus, for some dis- 
tance down the stream - - - - 

Above this section the stream flows in Boulder Clay. Ia,* 
Mill Beck, about 100 yards west of the New Bridge, hard aa 
shales with Rhynchonenn and Peclcn Itinu/uris crop out, and fi-oi9jl 
their lithological character we suppose them to bo part of tlim 
series. 

There are no more exposures in this district until 1 
reaelj the cliff, about 300 yards north of Bay Town j and trot 
this point the beds fall gradually, till they finally reach the sei 
level at Dobeon Nab. 

In Eakdale the first exposurea are near SlciRhte, where thi^ 
whole seriea may bo seen and examined on the sides of the river.j 
It is not possible to give an accurate detailed section, owing % 
the bank being often entirely covered by ivy and otiier creepini 
plants, which renders doubtful the tracing of each thin bAii£a 
Near Woodlands a small stream cuts through the upper part ' 
the series, and exposes, at the base of a email fall on tlie side c 
the Esk, hard sandy ehnlea, with Avicula, Gri/phaa, and ( 
sioually A. capricornus ; showing that this is near the base of th< 
Jliddle Lias. On the opposite side of the river, a little furtbepl 
up, immediately under the railway, the lowest band of sandstoncjit 
with the characteristic "oyster beds," consisting of Giyp/itBt^M 
eymbium and Avicula ineBgidvalais, may be seen rising from tllb* 
river, dipping 3° slightly E. of N. The base of the seriea is sea: 
again half a mile to the S.W- in the Beck below Eskdale Gate f 
but tliia section ia very small, and entirely surrounded by Bouldei' 
Clay. A little further west the hard santietone beds cap tbfl . 
great scar (Blue Scar) on the south side of the Esk, A completft'jj 
section is here shown, but it ia quite inaccessible for purposes 0° 
study 
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Several sections are exposed beyond the scar, especially iu the 
stream flowing down from the old alum works, where the Bcries 
may be measured, and gives a total thickness of about 60 feet. 

Detailed measurements are of little value, as the sides of the 
streams are so steep that only the edges of each band of rook can 
be seen, and it becomes impossible to describe the fossil contents. 

Upon comparing tbe sections at the various exposures of thin 
division of the Middle Lias, it is easy to see tliat there is a 
ty|«cal form which will always represent the section, which is as 
*■ follows: — 

(«.) Upper part, consisting of two hard thin banda, with about 
four feet of shale beneath eiieb. 

(i.) Main mass of sandstone, with many bands of Cai-dium, &c. 

(c.) Thick bed of hard sandy shale, with thin beds of eaudstonf 



This section never varies In type, and we maintain that there 
cannot be any doubt as to the absolute continuity of the two thin 
hard bands in the division («). This is a very important point, 
as the upper of these bands become? one of the chief datura lines 
for correlating the different seams of ironstone in Cleveland. 

Irojistone Sprigs. — To the upper division of the Middle Lias in 
' Yorkshire, Pi"of. Phillips has given the appropriate name of Iron- 
stone Series, from the occurrence m it of scams of ironstone, 
sometimes of considerable thickness. In the district embraced by 
the Quarter Sheet 95 N.W. the series consists of shales with thin 
bands of ironstone ; these shales being soft and argillaceons lu the 
upper and middle portions, harder and sandy in the lower; the 
whole being very prolific is fossils, 

A complete section can be seen at Hawsker Bottoms, and is as 
I fallows: — 

Ft. In. 
(I.) Layflr of earthy ironstone, weathering into rouniipil 
doRgere : Feclen aiifuiealvU (large), Belemniles 
breviformis, Pkoladomya ambtgua. &c, ■ - I) 3 

(II.) Shale, yellow-tinged, soft and finely laTninnted ■ 2 <i 
(III.) Ironstone dogf^ef band; uneven top, very fosaili- 
feroua ; Pectea aqvivalvis (large), Belemnites, 
Ammoniles foinatas, A. frrrugineai, Modiola 
scalprum, Ai:icala inmqwivalvis, Dentalium elort- 
gatum. Pholadomyn avtbipua, Cardiam trHncattan, 
Rhynehonella letruhedra in nesta,* &o. - - 5 

(IV.) Band of &aelf luminbtcd sbalv sandstone, 
cemented by carbonate of lime and iron, baving 
the fracture of an ironstone (the Indurated Shale 
Band) : A. spinatim, &c. - - - - I (! 

(V.) Grey sbale, finely laminated, with sandy streaks 
and oooawonal ironstone doggers ; Pholadomya 
arabigaa and broken specimens of A , spina/ua, &c. f> 
(VI.) Continuous band of ironstone of irregular thick- 
ness : fossils M in No. (Til.) - - - C 
(VII.) Shale weathering to small pieces, with occasional 

ironstone doggers - - - - (! 10 
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(VIII.) IronstoDe Imnd n-ith tnanf fuaalla, eapcriallf 
A. ipiitatus ..... 

Buo of higli BCar &t Hawsker. 

(IX.) Shalo 

(X.) IronMone btuidi crowded ndth fossils: A. tpinaliit. 
A. ffrruginaiM, large Peclen, &c., very abuiidaiil 
BGVernl Bueciea of Gasteropoda, &c. 

(XI.) Hardahale - - - . . 

(XII.) Strong band of ironstone, very foaailiferous 

(XIIl.) Hftrddark ahale, slightlj sandy 

(XIV.) Scattered dogger band 



ione,"l 
6 in. 
c/eM, J." p. 



(XVI.) Continuous band of ironstone 

(XVII.) Shale, with large Pectm aguipaimV, [&c.; baac 

of. i4. apinafiu zone 
(XVIIl.) Continuous band of ironstone,' 

oolitic ftraina, Mmciles, &c. . 6 in. 
Darlf micaceous a hale, large Pecleii, [•" Pecten Seam' 

Belemnites, &c. ■ . 8 in. I 

Hard grey ironstone • .4 in. J 
(XIX,) Shale, hard at base, with Peclen, &c. 
(XX,) Ironstone dogger band - . - - 

(XXI.) Shale, with long flat doggers at base 
(XXII.) Shale, slightly sandy, and contuning agKre- 

gftlions of Peclen, Belannites, Gryphaii cymmam, 

A. margaritalas {A. Olmelandicas of Simpson), 

&c. - . - 

(XXIII.) Ironstone hand, with shale parting in the 

middle -.-... 
(XXIV.) Shale, more sandy than above, small scattered 

dog^ra contuning Pecten laniilaHs and A, mar- 

garilatus (?) in large numbers ... 
{XXV.) Sandy ironstone, resting on a hard sandy band 

similar to the " InduTated Shale Band " i Gresslya 

intermedia, Cardium Iruncalam, &c. abundant 
(XXVI.) Shales, very hard and sandy in lower pait, 

softer in the upper, with thio bcuids of ironstone : 

Large A, margaritatas, Cardinm Irancatvm, &o. - 



18 
1 6 



Total 



- 98 2 



At (me point, where the cliff is nearly Tertical, the entire series 
was found to measure 103 feet, so that 100 feet may be safely 
considered the average thickneaa in this district. 

The only other exposure of this series on the coaat is at the 
Peak Steel, where the base forms a liard triangular piece of rock 
between the two bi-anches of the Peak fault, whilst the top ofj 
the series is on the other side of the eastern branch of this faultrT 
Inland there are several small exposures of these beds in the] 
south-east end of Robin Hood's Bay, chiefly undei- the Pei^l 
Alum Works, and along the railway cutting under tlie Brow. In J 
the latter, flattened nodules, with A. margaritatvs, may be seen 
at the base of the cutting, while the doggers in the upper part 1 
contain the large Pecten in abundance. From the nearness of th^ I 
section to the Jet holes, the Spinatus series are probably at the 
top of the cutling, and consist of soft marly shales of a somewhat 
mottled a]ii>earance, containing doggers, the interior of which is 
usually filled with liquid mud. A. spinatus was not seeD. Bi 
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the narrow gorge of Howedale Beck there is a complete sectios 

of the Ironstone Series to a depth of about 80 feet. From this it 
is evident that the ironstone seam a haye entirety died out 
bands of nodules, at Bome intervals, being the only representatives 
of the thick ironatonea of the northern area. The shales, too 
are more argillaceous and decidedly leas aandy than in the other 
sections. , The top of the aeriea ie here well defined by a band 
of nodules, with the large Pecten and PkoladomTfa ambigita: 
A. spinatiis was not seen. At aome depth below, the nodules 
occasionally contain the small A. margaritatus (the A. Cleve- 
landieus of Simpson), but the lowest beds seen are not so low 
down as the shales with the larger A. margaritntus, and hence 
the series must be about 120 feet thick. 

From this point, till Hawsker is reached, the outcrop is entirely 
concealed by Bonldei- Clay ; with the single exception of a small 
exposure in the south bank of Ramsdale Beck, where about six 
feet of soft shale, with a band of ironstone doggers, are seen. 
The fossils are of Middle Lias ^e, and probably belong to the 
luidjlle of the aeries. 

In Eskdale the ironstone bands, two in partictilur, have become 
considerably thicker, so much so as to have been mined for u-on- 
stone; but in the area included in 95 N.W. the mines have now 
been abandoned. 

In that part of the Eskdale district under discussion there is 
no one complete section of the ironstone series, so that the 
following account has been compiled from three different places, 
one just beyond the western edge of the map. 



tios J^^^H 
ieit ^^^H 
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Section in the EsJtdale District. 

(I.) Ironstoncband of irregular thickness, reatingor the 

" Indurated Shale Band." ... 

(II,) Soft ferruginous shale with scattered ironstone 

doggers and many emaii fbsjila, A. spinaias, 

Pholadomya, large Peetm, Sea. 
(III.) Continuous band of ironstone 
(IV.) Shale, dark and ferruginous - - - 

(V.) Ironstone Land . - . - - 

(VI.) Bhaie - - . . . 

(VII.) Digger bund . , . . . 

(VIII.) Shale . . . . 

(IX.) Ironstone band . . . . 

(X.) Hard dark shale 

Ft. In. 
(XI.) Ironstone . II (i i 

Shale - 1 3 I •' Pecten Seam " 

Ironstone - 1 10 J 

{XII.) Shale - . . . - 

(XJII.) Ironstone, " Aviouitt Seam ■' . - . 

(XIV.) Shale Eoine what sandy - - . - 

(XV,) Band of liard sandy shale ... 

(XVI.) Hard shale somewhat sandy 



Ft, In. 
I 6 



Or 90 feet very nearly, as the detail measurements are usually 
rather exagge rations. 



I« GIWLOay op M'DITDV AND fiCABBOUOUOH. 

In comparing tMB section with thut nt. Ilawsker fpp. 13, 1%^ 
there me at least three, and probalilj four, baH<-s for measuremente. 
Of these the first ia the " Indumtcd BtiniJ,"— No. iv. at ILnvsker, 
imd No. I, in Ei<kdale ; the i^econd 13 the " I'et'tcti Bitiid " ( Nos. xvin. 
and xr.) ; and tlie third iu the base of the t-erie^, which is in botli 
caeeB a bluish coloured marly sandstone. In addition to tbe&e 
there can be litile doubt but that the "Hard i^andy bnail", 
(No, XXV. at HawskerWa the same bed as >'o. xv, seen in tho. 
Esk. 

From tbis we may infer that the ironstone thins away going 
from Eskdale in n south and eaat direction ; wliile the argillaceous 
shales increase (in thickness), the sandy shales on the other hand 
appearing to diminish slightlj'. 

There are several exposures of the Ironstone Series in Iburadale; 
the most southerly being in the bed of Little Beck, at Shaw 
Head, where the upper part and its relation to the Upper Lias 
may be well seen. The bank above, on the west side of the , 
stream, consists of soi't Grey Shale, with decomposed earthy 1 
nodules, while near the base there is a small row of ironstone 1 
doggers with Pholadomtfa amttigua. Two feet below this ifl thftfl 
representative of the "Indurated Shale Band," so well developed^ 
at Hawsker, but which here consists merely of sandy micaceoui 
lamina, and is about three inches thick. 

Further down the stream at Throstle Nest, and again » few 
hundred yards further nortii, the Prctcii Seam crops out, the^ 
following being the section :- — 



Ironstone 

.Shale 

IrotiBtone 



10 1 

4 [PecCeii Seam* 



1 



Below this ia a bonk of shale with several thin ironstone dogger 
bands, the whole about 20 feet in thickness. 

The section here Is not cut to a sufficient depth to show the 
Aviciila Seam, but the rock next exposed further down the 
stream consists of the rather hard sandy shales below it ; while the 
eeam itself may be seen at the first sharp bend in the stream 
below Iburndide village, and again, dipping sharply norih-east, at 
the raihvaj^ bridge. Here the section is :— 



Shales, ferrugioous s 
Hard ironstone - 
Softer stone, shelly ii 



III lumpy 



y'lJAvicuU, S.a,n H 



Total 



10 



A small stream thnt flows down the east bank of IbnrndaleJ 
from Ugglebamby exposes part of the Ironstone Series, probably*-'! 
just above the Pecten Seam, as a trial hole has been driven in, r 
exposing now only the top of a seam of ironstone, which however 
has not been worked. 



* This will not be so thick further from the outcrop. 
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On the north side of the Est, opposite Sleights Bridge, a slmft 
tvaa sunk about 30 feet to a seam of ironEtone, proliably the 
Pecten Seam ; which was worked for several yenra, and nbout 
11,000 tons were produced after which the mine was abandoned. 
The aeam was three feet thick, with a shale parting of one foot in 
the middle. In the north bank of the riTer, a little further west, 
both seams crop out ; but the ground is so much obscured by 
vegetation and clay that it is impossible to give a detailed section 
of them. From this point the middle of the Esk valley is com- 
pletely covered with Boulder Clay and Gravel, to a depth in some 
cases of 200 feet, so that the position of the Ironstone Series can 
only be conjectured. On the south bank, however, there are 
several exposures, the seams being also proved by mining at 
Eskdale Gate. The section here is given in the Section nf the 
Ironstone Series in Eskdale (p. 15), the Pecten Seam being, — 

Fc. In. 
Ironstone - - - - - -01! 

Shale - - - - .13 

Irunstone - - - - - -!10 



The Aoi'ntla Seam consists of it solid block of ironstone, (wo feet 
thick. 

A few small exposures occur in the hollow between Caley 
House and the old Alum "Works ; and both seams have been tried 
immediately under the new Alum Works. But in all these cases 
the seams have proved too thin and too poor in quality to be long 
worked at a profit. 

The following is a list of the chief fossils from the Ironstone 
Series in this district,* 



F0.SSILS FROM Hawsker Bottoms, 

Zone of A, apinatus. 

Fucoiii markutffs ? 

Rhynchonclla, 

Inoceramus snb-ttriatus, iSlunst. 
Grt/phaa ct/mbiwn, Lam. 
Monotis iiiagutvalvis, Sow. 

;■ calva, Schlonb. 

Pecten aijuivalvu. Sow, 
Limea acutico»ta, Miinst. 
Pleuromya rostrata, Ag. 
Leda Galathea, D'Orb. 

yraphica, Tate. 

Madiola scalprum. Sow. 
Pholadomi/a ambiffua, Sow. 
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Astartf. 

Unicnrdium snb-Qlobii»uTn, Tate. 

Dentalium elont/ulum, Miinat. 

Ammonites apinatui, Bnig. 

■ forruffineus, Simp. 

Belenmitea bremformis, Voltz. 

and mftDy email ahells, Gasteropoda, &c. 

Fossils from Hawskeb. 
Zone of A, margaritatus. 
JVooil. 

Per ten aquivalvis. Sow. 
Monotis {Aoicula) cijgnipes, Y. and B. 
Plicatnla spinosa, Sow. 
Pieuromya cantata, Y. and B. 
Cardita multicostata, PhiU. 
CeTomya petricosa. Simp. 
Gresslya intermedia. Simp. 
Modiola scaiprum. Sow. 
Frotocardium truncatum, Sow. 

Ammonites marffaritatus, Montf. 



Upper Lias. — The Upper Lias is esseotially a tbigk bed of sliale, 
chiefly ai-giUaceoua, and generally of a grey colour, getting nearly I 
black in the lower part ; its thickness is extremely constant, being ( 
340 feet very nearly. It may be roughly divided into three parte : J 
(a) the highest division — soft grey micaceoua Alum Sliale, with ^ 
Ammonites communis, A. degans, A. hifrons, &,c., and Leda ovum, I 
"jet rock" occurring at the base; (b) hard dark shale with ' 
pyritous doggers, the characteriatic forms being A, serpentiiius i 
and Inoceramus dubius ; (c) the lowest division — soft shale or ] 
grey shale, with the very restricted form A. anmdatus. ] 

The following more detailed section was measured between.! 
Whitby and Saliwick, except the lower part, which is only aeeirl 
in the cliff at Hawsker. 



Shale, Boft grey and micaceous, with cement do([gejs 
the first IS feet : A. communis, A. elegans, A. S^toj 
heda ovwn, &d., abundant ; Myaeitea donacifontt 
Nautilut slrialiis, Belemnitea vulgaris, &c. 

Hacd femigmoua shale band 

Shale, soft grey and micaceous : fewer fossila 

Lumpy calcareous hand : Leda ov«m well preserved, 
lAngula, &c, . , . - 

Shale, similar to ahgve, hut slightly harder at base 
Band of hard shale 
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Shale, hauler and darker ; the beds above to the base of 

thia are uaed for makinK alam* {Alum Shale) - 20 II 

Double band of pyritouH doggers with A. ovatus : — 
Hard blue-black shale, with slight bituminous odour : 
lai^e Inoceramus dubl'is - - - - 18 

Hard black shaJe, similar to above, thin band of 

pyritous doggers at base - - - 10 

Hard block shule,bituminoUB; bandpfpjritous doggers, 
with casta of hiaceramus dubius (»niaH) on the 
exterior - - - - - - 24 (I 

{This band ia at the bale of Salltcick Nab, and hy the 
dip there wiill be between the Nab and low-Jfaler 
mart,) 

Hard dark bituminous shale - - 30 

Jet Rock, hard platy rock, with thick dogger at top; 

source of all the Hard Jet - - - - 25 l> 

Soft shale or grey ahale - - * - 30 



Tota) of U]iper Lias 



. 231 



1 



Owing to Ihe Jet Rock being important a3 the source of a 
valuable mineral, it is mapped wherever possible; this course 
being rendered more easy by the strongly marked lithological 
and palieontological characters of the bed. 

The Grey Shale, or soft shale, is the bed that rests immediately 
on the Ironstone Series ; and consists, as ita name implies, of a 
shale that weathers soft and grey. It contains bands of earthy im- 
pure ironstone, two of which occur close together about the middle 
of the bed, enclosing ^mmoffii'^ej annu/afKJ, the characteristic fossi], 
in great abundance; Belemnites cyKndricus occurs at about the 
same horizon. These two characteristic fossils are found occa- 
sionally in the lower part of the shale, accompanied by a few 
shells of Middle Lias type, apparently dwarfed. With these 
slight exceptions the Grey Shale is remarkable for the paucity 
of its fauna, especially when contrasted with the beds above and 
below. Owing to its forming a hollow, from its soft nature, 
sections in this part of the Upper Lias are rather rare, the only 
good one being at Hgwskcr Bottoms. The Grey Shales crop out 
at Peak ; but they have been worn into a hollow, since filled up 
with loose blocks of Oolite sandstone, and always more or lesB 
covered by water. 

They can be fairly well seen in HoweiJale Gorge, but are rather 
inaccessible. The other exposures are: — In the stream near 
Littlebeck ; at the bottom of Battlebanks ; and in the little stream 
or ditch by the road-aide at Sleights' Bridge. 

List of Fossils from the zone of Ammonites annulatus : — t 
Extracrimti Briareus, MiU. 

Elytron of Coleopterous Insect. 



* This shale was calcined, and sulphate of alutninn obtained bj steeping the burnt 
ale in water ; polasb iras then addod to luako aluin, sulphate of alumina, and 
potaib. 

t Tate and Blake, p, 17a, 
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Rhynchonella Jurensisy Quenst. 

Inoceramus dubiuSy Sow. 
Lima Galatheay D'Orb. 
Monotis iTiCBquiralvis, Quenst 

papyfidy Quenst, 

Pecten substriatas, Rom. 

(Bquivalvis, Sow. 

Pinna spathulata? Tate. 
Pleuromya rotundatuy Zeiten. 
Protocardium truncatum, Sow. 
Macrodon intermedius, Simp. 
Cypricardia cucullatay Goldf. 
Goniomya hybrida, Miinst. 
Gresslya intermedia. Simp. 
Leda Galathea, D'Orb. 
Modiola numismalis, Oppel. 

scalpmm, Sow. 

Nucula subglobosa, Kom. 
Plwladomya ambiyua, Sow. 
Unicardium subglobosumy Tate. 
Astarte striatosulcata, Rom. 

ActcBonina tesscllata, Tate. 
Chemnitzia Blainvillei, Miinst. 

acuta, Tate. 

Cerithium liassicum, Moore. 
Dentalium elonyatum, Miinst. 

liassicum, Moore. 

Eucyclus cingenduXy Tate. 
Pitonillus turbinatus? (cast) Moore, 

Turbo cyclostoma ? (cast) Benz. 

Ammonites annulatus. Sow. 

concavus, Sow. 

margaritatuSy Montf. 

cornucopia, Y. & B. 

semicelatus, Simp. 

Belemnites, cylindricus. Simp. 

latisulcatus, Phill. 

breviformis, Voltz. 

pollex, Simp. 

validuSy Simp. 

striolatusy Phill. 

scabrosus, Simp. 

Ichthyosaurus sp. 

The Jet Bock. — This division of the Upper Lias is well con- 
trasted with the bed below^ being remarkable for its even bedding; 
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splitting into long thin la»iin», and for the abundance ol' fvssilB 
in it. It is of a dark colour, and contains many roivs of Bmali 
round or oval pyritous dc^gers, usually covered with casts of 
A. serpenliiiJis and Inoceramus dulnun on tiie outride ; or containing 
them, generally well preserTed, inside. In this latter case the 
Ammonite will often be found to contain liquid bitumen In the 
chambers. The nodules have only a pyritoiie skin or coat, the 
interior being a blue cement-stone having a povrerl'ul odour of 
mineral oil. At the top of the Jet Rock is a continuous band of 
doggers, which may be well seen at Saltwick, at low tidea ; they 
are sometirties as much as 15 feet in diameter, and very hard, 
being composed of sandy shale in long thin plates, cemented 
together by carbonate of lime and iron. Thia continuous dogger- 
band forms the roof to all the workings for Hard Jet,* as it occurs 
in greatest quantity for about 10 feet below this band. 

In addition to the two fossils mentioned above, A. etegans, A, 
hetcTOphi/lhis, A. gracilis, and Belemnites lubularis are tolerably 
abundant ; a pecularity of thia bed being the great number of 
Cephalopoda as compared with other molluscs. Our knowledge 
of the fauna of this rock has, of course, been greatly increased by 
the jet-mining ; remains of saurians and fiah, particularly Lepidot\is 
semiserratus, being frequently met with in consequence. 

The Jet Kock cnn be seen, nearly covered by debris, at the 
foot of the Peak cliff, on the east aide of the fnidt, I'rom this 
jioint it is thrown up immediately below the Peak Alum Works, 
where it baa been extensively mined along the face of the hill. 
At Stoupe Brow it is covered by a thin coat of Boulder Clay, but 
it emerges further west, and has been much wi-ought in Howedale. 
Beyond this point its outcrop is completely hidden till it reaches 
the North Cheek, after which it soon appears in the face of the 
cliff, forming the cap-rock at Nigh and Far Jetticks. Ifa p«>sition 
in tlie cliff-face is marked by the terrace still left (where the Jet 
shalcH have been dug away) till it reaches the shore, in consequence 
of the northerly dip, at Hawsker Bottoms. Here the bed can be 
very conveniently studied and measured, its thickness being 
between 25 and 30 feet. 

The long white line of breakers that extends at almost all 
tidea from Black Nab to Saltwick, ia caused by the top of 
this rock ; the lenticular doggers, of calcareous and fenuginoua 
ehale, being here very hard and of enormous size. At very low 
tides the breakers caused by this bed can be clearly seen from 
the to]) of the cliffs in the form of a curve stretching west till it ie 
due north of the Old Abbey. 

Inland the Jet Bock has been mined below the Alum Works 
io Eekdale, and also near Throstle Nest and Littlebeck, in 
Ibumdale. 



9 wood, from which 



asoLuor UF wiiitby and scaqbououCjil 

Lbt of FobbUs frotD tlic Jet Kuck. 

*Inoceramui dnbiu». Sow. 
*Posidonomyn Bronnit, Voltz. 

* Ammonites elegant. Sow. 

* serpentinus, Rein. 

* betero/iktfUtts, Sow, 

* dclicatui. 

t bifron,, Brus- 

I Mulgraviuf, Y. and B. , 

"t" ovalus, Y. and B. 

fBckmnites lavii. Simp. 

t tripartitus, Sohlotli, 

+ tuhularis, Y. and B. 

t subtenuis, Sim p. 

t Vohii, Phill. 

t vulgaris, T, and B. 



*G>/rosteiiB mirnhilis, Ag. 



,<jfum .9/ia/?. — The Alum Shale and the hai'd shale to the top'l 
of the Jet Kock are first seen rising from the sea at Blea Wyke,.! 
capped by some soft dark sandy shale, to be described presently, 1 
It is here probably rather thicker than usual, the average beinj 
about 145 to 150 feet. Of this, the upper 100 feet consists of sot 
grey micaceous shale, weathering to smalt crisp fragments wit£t« 
yellovr edges, the source of the AJum. They are chai'acterised byJ 
the abundance throughout of A. communis and Leda ovum. Tobm 
lower 50 feet is composed of harder and darker bituminous shald,T 
not used for Alum, and in which Ammonites of the " seTpentinus "^ 
type are predominant ; Inocerainus dubiui being also very abundanfel 
in the lower part. These beds continue to form the lower part rfl 
the great clifi's at Peak till the fault is reached, where the base of.l 
them coincides very nearly with the base of the clifi". On the 
west side of the Peak fault there are constant exposures of these 
shales, especially in the great abandoned Alum Works at Peak and 
Brow. The best inland section, however, is probably that of 
Howedale, where almost the entire series may be examined and 
measured in detail. Beyond this point the Boulder Clay creeps 
up the hill, and the Alum Shale is not seen again till Pretty 
House is reached, where there is a section a few feet below the 
Dc^ger, but not actually showing the junction of the two. The 
shale has been turned out by rabbits in the woods and fields on 
the north side of Kamsdale Beck ; while several exposures may 
be seen in the deep ditches about Park Hill. At Row there la 
a waterfall cutting into the Alum Shale to a depth of about 
10 feet, the Dogger forming the top of it ; and under the old 
Fylingdales churchyard wall the top of the shale crop out. 
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At Bay Ness, and down the hill side, it can be plainly eeen, 
many places there aru not three inches of soil. The whole of the 
series may be meaaureJ, though not exnmined, at Normanby Stye 
Batte ; and from Maw Wyke to Wliitby the base of the cliff 
and the scara consist of this portion of the Upper Lias. 

In Eskdale there ia only one exposure on the north side of the 
river, the Dogger a,nd about 50 feet of Alum Shale being seen in 
the small stream that flows down from Aialaby past Woodlands. 
On the south side there are several exposures ; the first on the 
railway embankment in a plantation between Sleights and 
Ruawarp, where the top only of the shale ia viaible : and 
there are no more sections til! reaching the small stream below 
the churchyard, Ugglebai-nby, where shale can be seen about 
20 feet down. In Iburndale the best secUons are in Littlebeck 
Alum Works ; on the banks of the stream below ; in the neighbour- 
hood of Falling Force ; in Waah Beck ; and at the Thorn Hill 
works. The Malton road passes over Sleights Brow, through a 
cutting in ihe lower and harder beds; while fine seotiona of the 
softer part may be studied in the Eskdale Alum Works. 

List of Fossila from the Alum Shale.* 
Eryon Hartmanni, H. V. Meyer, 

Lingula LoHgoviciensis, Terq. 
Discitia reflexa. Sow. 

Inoceramua cinctus, Ooldf. 
Ostrea aubauricularis, D'Orb. 
Hinnites papyraceus, Zeiton. 
Pecten pumtlus. Lam. 
Monntis substriata, Zeiten. 

integuivaivis. Sow. 

Ar corny a elegans, Phi 11. 
Gresslya donaciformia, Phill. 

rotundata.) Phill. 

Thracia glabra, Ag. 
Trigonia liter ata, Goldf 
Leda ovum. Sow. 

Cerithium qiiadriUneatum, Bom. 

Aminonites cimimunin. Sow. 
Ilvlnndrei, D'Orb. 

cmssus, Y. and B. 

Braunianus, D'Orb. 

keterophylluB, Sow. 

swbcarinatus, Y. and B. 



the ^^H 
3tye ^^H 
cliff ^^H 

the ^H 
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Ammonites Desplacei^ D'Orb. 

bifrons, Brug. 

— — Levisoni, Simp* 

■ subarmatus, I . and B. 

■ Lythensis^ Y. and B. 

. eleffans, Sow. 

Jibulatus, Sow. 

. fonticuluSy Simp. 

primordialiSy Schloth, 

Belemnites vulgaris, Y. and B. 

— l(BVis, Simp. 

Levidensis, Simp. 

. Voltzii, PbilL 

Nautilus astacoideSy Y. and B. 

JurensiSf Zeiten. 

Oyrotteus mirabilis, Ag. 

Plesiosaurus homalospondylus, Owen. 

Cramptoniy Carte, and Bailey. 

—7 Zetlandi, PhilL 

Ichthyosaurus crassimanuSy Owen. 

. acutirostris, Owen. 

• lonffirostris, Jager. 

Teleosaurus Chapmanni, Konig. 
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Lower Oolites. 

The whole series of the Lower Oolites crops out on tlie coast 
between Elea Wyke Point and Scarborough. Of this ihe lower 
portion is well exposed in the fine cliffs of Sfaintondale and 
Cloughton ; but the upper beds have been removed by denuda* 
tion, and are only obscurely seen in a few places in ihe cliff, and 
more generally on the shore below high-water mark, between 
Long Nab and Scarborough; they are also visible in the North 
Cliff, at which latter place the topmost beds appear In the lower 
part of the cliff. 

They consist of a thick series of sandstone and shale, containing 
plant-remains and thin coals, deposited under estuarine and fresh- 
water conditions, and separated into dis^ct horizons by four or 
five beds containing marine fossils; in fact the whole iSeries is 
composed of a great alternating set of estuarine and marine beds. 

There is an admirable section of the lower portion of this great 

series in the cliff3.at Blea Wyke ; where, from their situatiou, it is 

possible to examine cai'efully and measure almost every marked 

bed. The following section is a fairly accurate representation of 

i these strata : — 



I Moor Grit 

I Grev LiMBSiON) 



IiLLEPoKE Bed - 



I Estuarine Series, 
Bllkr Beck Bed. 



Section of the digs „t and near Bk-a Wyke, 
/Massive false-bedded saadatone reating on 



■ \ flaftgy sandstone 

r Sandy and calcareous shale ceatin([ on 

\ bands of impure limestone 

r Shalea and false-bedded sandstone, ivith 

< occasional beds of fireclay and a. thin 

L seam of coal in the lower part - 

Nodular bands, ivith calcareous and ferru- 

|i;inou3 sandstone below - - - 

Great masses of false-bedded ferruginoua 

sandstone resting on shales, with bands 

of carbonaceous matter - - . 

Thin flaggy sandatone resting; on a few 

feet of soft shale enclosing thin bands 

of ironstone ; 'Eller Beck Bed 

Principally carbonaceaus shales, with thin 

coal seams in the upperpart, false-bedded 

sandstones in the lower ... 

Sandstone, oolitic in parts, with layers of 

small pebbles, and weatherioK into 

rounded blocks with ferruginous cas. 

inga ; soft sandstone below graduating 

into the shales of the Upper Lias' 



Ft. lu. 

40 I) 
UM) 

100 
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Thus, at Blea Wyke, there are nearly 500 feet of rock between 
tbe base of the Grey Limeatone Beries and the top of ihc Upper 
Ltoe ; but these beds are not known tu be- ao thick eUewbere. 
At Hawaker their ectire ihickncss is not quite 300 feet ; while 
near Ruawarp a boring,* commenced about 40 feet below the 
base of the Grey Liuiefltone Series, shows the total of iheae 
eetuQiine beds to be about 280 feet. 

The Dogger. — At the base of the Lower Oolites, in the district 
embraced by this Memoir, there uaually occurs a bed of red sand- 
stone, slightly culcareoue and very ferruginous, so much so as to 
pass occasionally into au ironstone ; the per-centage of silica in, 
however, in all cases so high that efforts to work it as a source of 
iron hove been abandoned. It is known locally as the Top lied 
or Dogger ; the latter name being given to it in eonacqucnce of its 
mode of -weathering to doggers, or roundish lumps enclosed in a 
ferruginous casing. It is usually a littoral formation, and a 
peculiar characteristic of the bod is the number of small nodulea, 
or, as they are often called, pebbleB,t that it contains. 

This bed is first seen rising from the sea at Blea Wyke, a point 
on the coast about a mile S.E. of Kobin Hood's Bay, where the 
following remarkable sectionj may be observed: — 

Fl. In. 
(I.) Dogfter sandstone, hwiJ, red, a 
smaU projeoUng m&sses of oi 
Bcattered throughout 
(II.) Ferruginous band, composed entirely of shells, the 
hme nearly all replaced by iron; the " JVersWo 

(III.) Greenish dogger sondBtone with pehWes, scattered 

and in batiaa . . _ , . 

(IV.) FemiginouB ahalj- micaceous bed ; very few fo sails - 

(V.j Brown sandstone, crowded with Terebralula tritinfata 

{VI. ) Soft brown sandstone, becoming yellow in lower part; 

fossils in neats, calcareous casts of large alveoli of 

Beletatiles; pebbles scattered throughout 

(VII.] Soft ^rey sandatone, forming a back to the scar; 

fossils in nests, " Vermetut bed" , - - 

(VIII.) Soft sandstone and hard grey sandy shale ; fossils in 

nests, fossil wood, alveoli oi Belemtilet, 8;c. - 

(IX.) Soft grey sandy shalea - - - . 

(X.) Soft dark grey shales, with doggers ; the uppermost 

dogger hand being almost composed of lAiiju/a 

Beanii ; the thickness of the shales is doubtful 

The bed (I,) is in all resjiects the same as the Dogger when seen 
in other exposures In this district ; but the beds below are litho- 
logically distinct, and for the most part are not known to occur 
elsewhere. 

• Touog and Bird's Geological Surrej of the Yorksliire Coast, Bod Ed,, p. 1 34. 

■f It seems very doubtful if these are eyer reaUy pebblea. They are bard uod dark 
ezlemally, but luiTe a soft vbitisli interior, and occBBionally secin to be niiter-worD 
nodoleatrom the lias, a* they frequently contain casts of Ammonitrtiof a Liassio 
type. 

J Tor further information on this impodaot section, vide Tate nod Blake, York- 
ihirf Liat, p. 19 ; Dr. Wc^hl's paper. Quart. .Toum. Geo). Soc, vol, 5 
Bud W. U. lIudlesIoB, Froc Geol. Assoc., vol. iii., p. 2U3 et seg. 
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The fossils of bed (II-), known aa the Nerintea band, are na 
f.>Uow8 : — 

Rhynchtyndla obsoleta, Sow. 
Terehratulw perovalii. Sow. 

Hinnltes velatus, Goldf. 
Gervillia tortuoaa. Sow, 
Pteroperna striata. Bean. 
Modiala euneata. Sow. 
CuenllcEa cancellata, Phill. 
Macrodon Hirsonensis, D'Orb. 
Triffotiia.denticulata, Ag. 

V. costata, Lycett. 

tpinulosa, Y. and B. 

Cypricardin acuianffula, Phill. 
Taneredia axitiiformis, Phill. 
Cardium slnatulum. Sow. 
Opis Pfiillipsii, D'Orb. 
Astarte elegaju. Sow. 
Ceromya Bajociana, D'Orb. 
Grpsdyn adducla, Phill. 

Nat tea adducta, Phill. 

punctura, Bean. , 

■Ckemnitzia lineata, Leek, 
Xerinaa cingenda, Bronn. 
Cerithium (2 species). 
Alaria Phillipsii, D'Orb. 
Onustus pyramidatus, Phill. 
Nerita Itsviyata, Phill. 
Troc/ioloma. 
Actmonina, 

The above list proves these beds to be of undoubtedly Oolitic 
age. 

(Til.) This bed is a ferruginous sandstone contiiiniug a con- 
eidemble per-centage of iron in the form of a carbonate, to which 
its biuiah-green colour is probably due. The email nodules or 
pebbles are principally localised in bands, and the few small fosails 
that occur are mostly ferruginous casts. 

(IV.) This bed is a ferruginous micaceous hard sandy sliale ; it 
i(i nearly water-tight, so that it arrests the downward progress of 
the water through the beds above ; in consequence of which fossils 
found in this shale, of which there are not many, are moally 
decomposed. The following are the chief recognisable forms : — 
Terchratida trilineata, T. and B. 
Rhynchvnella cynocephala, Rich, 

Trigonia Ramsayi, Lycett. 
Gresslya pi-regrina, Phill, 

Belemnites compressus, Sfcahl 
■ ' irregularis, Schloth. 
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(V.) The Teribratula b«0 coueiets of two feet of soft brown ocl 
yellow siinOalono crowded witli fmc caataof Tcrebrtitula triliHeataJ^ 
other fossila being inoetly small and in at'sts. A cnreful cxAiiiiim- 1 
tion of this bed und othcir gcctioo* of tlic Dogg(>r almost nL-cessitates 
the coaclutiion that this is the usual base of the Oolite in most 
cases, all the bedd below bein^ miaein^. There ia no lithologicnl 
FdietiDCtion between this division of the Dogger and bed (VI.). »n 
which the following fossils have been found : — 

GhjphiEa Birili, Bean. 



Avieula inaqt 
Astarte. 

Goniamya nnijulife 
Trit/vnia. 



.his. Sow. 
Sow, 



TuTTitella. 



Phi 11 



, y. and B. 



Ammonitef. Comensis, V. Buch. 

hmgnis, Scbub. 

(VII.) Tliia bed of soft yellow sandstone ia commonly known 1 
to geologists aa the "Vermetus l>ed " or " Ser/nila bed," from ita 
contiuning great numbers of Vermetus rompressus and Serpula 
depleua, a feature sufficient to at once distinguish the bed from 

^^_ the other parts of the Dogger. It contains a considerable number 

^^Bof fossils, of which the following are the chief : — 



Serpula deplt 
Vermicutiiria compi 



LinguJa Beanii, Phill, 



Cardium striatulum, Sow. 
Gresslya peregrina, Phill. 



Dcnta/iiim elongatum, Miinat. 
Ammonites Aalensxs, Zeiten. 



(VIII.) This bed ia a slightly sbalysandstonej passing gradually 
into bed (IX.), a hardisb sandy shale. The following fossils rto j 
recorded by Tate and Blake in their Yorkshire Lias, page 19 ; — 



Glj/p/iepa Birdi, Bean. 

Terebratula. trilincata, Y. and B. 
Rhynclionella eyjwcephala. Rich. 
Diicina refie.-c<i. Sow, 
Lingula Beanii, Phill. 
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Aviaila substriuta, Miiiiat. 
Gervillia Hartmanni, Sow. 
Pecten silenus. 
Pinna cuneata, PbiU. 
CuculliBa cancellata. Phi II. 
Gressli/a peregrina, Phill. 
Phiiladomya Jidicula, Sow. 

Cer ithiu m qu inquepuncta turn. 

Belemmtes compressns, Stalil. 

irregularis, Schloth, 

Ammonitts Aalensis, Zeiten. 
Comends, V. Euch. 

At the base of bed {IX. ) ie a tliiii band of ferfuglnous sandy 
nodules, containing, in fact almost composed of, Lingulu Deanii, 
and known as the " Lingula band." Below this Wnd axe aome 
ehales, more argUlaceoue and darker in colour than the above, 
containing also bands of impure ironstone with a blue oolitic groin. 
These shales are the bed (X.), and form the uppermost portion of 
the Upper Lias, being probably the representative of the Mitford 
Sands. They ate sometimes called the "A. striatuhts beds," from 
the occiu'rence of A. striataliu in them ; they are also known as 
the " A. Jurensis shales." 

Their thickness has been estimated at 70-80 feet ; which seem^ 
a considerable exaggeration, A careful examination was made of 
theae beds along the south-weat side of the soar at Blea Wyke, 
and several bands of ferruginous nodules were seen, some almost 
composed of Lingula Beuidi, not recorded before from beds 80 low, 
unless the description or measurementa given by Tate and Blake 
are seriously inaccurate. From the fact of their being under water 
except at an unusually low spring tide, it is more probable that 
they have not been observed before, A very short distance from 
the ecar to the north-west, patches of shale may be seen between 
the boulders which cover the foreshore, and Leda ovum may be 
easily found, ao that the base of the shales containing the ferru- 
ginous nodules is probably not more than 30 feet below the first 
" Lingula band." The following is a list of fossils from these 
shales of the zone of A. striatulus : — 

Rkgnchoiiella Jurcnsis, Queast. 

Avicula suhatriata, Miinst. 
Lima Toarcensis, Deslong. 
Ostrea subaurieulaiin, D'Orb, 
Pecten disciformis, Schiib, 
* Leila inaquitatera. 
Trigonia literata, Y. and B. 

* Tate and Blalie, Yorkshire Lias, p. ly. 
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Belemniten ventralit, Phill, 
Ammonites AalensU, Zeiten. 

■ - insiffttii, Schub. 

Jiiminiii, Zeiten. 

slriatului. Sow. 

— variahilis, D'Orb. 



wards is iDterruptetl by the great Peak fault, and tiie Dogger 
next aeen in the Peak Alum Works, where it is a hard red high 



From Blea Wybe these beds all thin away very rapidly, going 
iKirth and west towards the Peak; and at the Iatt«r place they are 
lesa than half as thick ae at Blea Wyke. Their course north- 
" ■ - • . . — ;er 18 
ighly 
ferrugioous sandstone, about five feet thick, having a bluish 
interior when unweathered. At the base is a Ihie of the charac- 
tenattc pebbleSj and small white specks occur throughout the whole ; 
while the upper portion has almost a Golunmar appearance, from the 
vertical markings of Equisetitcs that occur in it. This ferruginous 
sandstone maintains much the same appearance throughout the 
district included in the Quarter Sheet 95 K.W. ; weathering into 
rounded lumps or dof/gers, enclosed in a ferruginous crust. Its 
outcrop is easily ti'aced proceeding westwards,' as far as How- 
dale Beck, after which it becomes oliscured by Boulder Clay. No 
fossils were observed in any of these exposures. In the small 
stream near Pretty House the typical ferruginous sandstone crops 
out, about 12 feet thick, but apparently unfosailiferous ; and 
from this point it is not seen again till Ramsdale Beck is reached ; 
but from the pmaUnesa of the exposure its thickness cannot be 
exactly ascertained. Its junction with the Liae is cut through at 
Kow, and in the road above Park Hill ; in both of which sections 
the Dogger is about 18 inches thick. It reaches the cliff at Haws- 
ker Bottoms, and can be examined and measured on the pathway 
down the cliff, known as Sawdon's road or Jack-ass-roaa, where 
the following section may be seen : — 



AlteMiating sandstones and shales, three small coal 



80 



Typical dogger sandstone with pebbles, casta of Belem- 

Tiite guards, and other Bhell fragmentB - - o v 

Band of sniall nodulua or pebbles - - - 2 

Massive ferruginous concretionary nodules - • 10 

The Dogger continues in the cliff, and at the northern edge of 
this district is only a few feet above high-water, the section here 
being nearly the same as that given above. 

In Eskdale, between Ruswarp and Sleights, the Dogger is first 
seen in a small stream near the railway, and again in an old 
quaiTy a few yards off, where it is about eight feet thick ; after 
which it is hidden by BoiJder Clay and until Ugglebarnby in 
Iburndale is reached. In quarrying stone to build the church 
the upper part of the Dogger was exposed. A trial hole was 
driven into the bed, but it proved valueless as an iron ore. 

At Little Beck Alum Works, and along the east side of I 
dale as far as Falling Force, very fine exposures occur ; and hei 
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the sandstone is remarkably full of soft white speckB, and con- 
tains sufficient carbonate of linae to effervesce with arid. 

The number of fossils in it, especially in the lower part, ib 
considerable ; but as they are generally casts their specific identity 
is uncertain. LinguJa Beanii is very abundant, as ia also Tere- 
hrntitla trilineat'i. Two epecies of Pecten, two of Trigonia, a 
Nerinaa, occasional casts of an Ammonite, and fragraents of 
Belemnites are among the more common fossils. The thickness 
of the Dogger at the Alum Works is about 15 feet. 

On the west side of Iburodale an interesting section is seen in 
Wash Beck, the central portion of the bed being a coarse siliceous 
grit. The other exposures are at the Tliornhill Alum Works, and 
the road-side above Sleights in Iburndale, and at the Alum 
Works in Eskdale. In the latter place the Dogger ja about 12 feet 
thick, and has often been tried as an iron ore, but always without 
success. 

The only section on the north side of the Esk is in the small 
stream that flows down from Aislaby past Woodlands, and is as 
follows : — 



I'ypical Dogger 
Soft saadv ahHli 



roical Dogge 
>rt saadf abc 
Whitish sandstone, fossiliferous ir 



The fossils are mostly casts, a species of costate Tritfonia and 
Pholndomya Stsmaniii being moat abundant. 

Lower Entuarine Series, — Above the Dogger at Blea Wyke* 
L we have the following aeries of Estuaiine or freahwater beds, 
f capped by the thin marine bed, the " Eller Beck Bed," 

Ft. la. 

Shales, soft and tight coloured, with a band of ferm> 

ginous nodules containing plant remains . • 20 

Carbonaceous shale • - - -10 

Shale, rather saudj - - - - 20 

Carbonaceous shale - - -.20 

Very hard sandatone' - - ■ . - 2 

Shale, soft and soapy to the touch ■ - - - 8 

Sandstone, somewhat flaggj - ■ - - 5 

Shale - - - - - ■ ■ 5 

Sandstone - - - - - -30 

Dark ahUe - - - - - - 3 

Shale with thin hands of very hard sfonc . - 30 

Coal Seam - ■ - - . .06 

Undetclay - - - - - - 2 

Soft ferruginous sandstone, with vertical steins of plants, 

probably Equisetites, often 5 feet high • - 12 

Shale, soft and light coloured - • -40 

Coal Seam - - - .-02 



* This series was measared immediately over Blea Wyke with a thiu rope, and 
[ funnd lobe 180 fret in thickness. The differenre of SO feel is prohnWy caoeeJ by the 
I slope in the Aice of Ibe cliff, which, however, is here very small. 

2 
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Sandstone, soft Bnd riildily .... 

Coal Seara ..... 
Shale, dark cnlonred ..... 
Sandstone, t'oarso graini-d, fcrrufpnuus, and fnUe 
bedded - • ... 

Shale, dark colouced . . . - 



10 
159 11 



Digger scries, Ac. Hard and ferruginous Sandstone. 

At Ilawsker and Whithy these beJs have tbhmed away to 
alightly more tbaa 100 feel. 

An interesting feature in the Hawsker district is the occurrence 
of a thin seam of coal about three feet above the Dogger, ite 
thioknees being usually about four inches. 

The following section at Nj-pe Howe will show the position of 
the seam : — 

FL In. 
Sandstone . - - - --150 

Dark carbonaceous shale - • - - 20 H 

Coal Stam ' - - - - --04 

Sandstone ■with toots (?) converted to jet - -30 

DogRcr, with vertical EgaiselUes markings, &c. 

This thin seam of coal can be seen at the top of the clifli 
immediately norib of Normanby Stye Batts, and continues without 
interruption beyond High Whitby lighthouses. Other thin scams 
occasionally occur, not many feet above the Dogger, but aa n 
rule they are continuous only for a short distance. 

In the cliffs between Ilawsker and Whitby we have remark- 
able variations in the series, aa the entire cliff at Widdy Field 
consists of shale with a few thin beds of sandstone ; while between 
Whitby and Saltwick the cliff consists chiefly of sandstone. As 
a rule sandstone predominates in these cliffs, the shale occurring 
only in thin bands ; the alternations of the two, forming a series 
of waterfalls, as may be well seen in Eamsdalc Beck, in the Robin 
Hood's Bay district, and elsewhere. 

A typical section of the beds would be roughly as follows : — 

Ft. In. 
Shales, very variahle, average - - - - 15 

Sandetone, variea from 20 to 60 feet - - 60 

Shale, increaBea as the sandstoneB diminish • - 15 

Sandstone, in very irregular wedges - 



Shale, often carbonaceous 



Total 



- 10 

- 120 



Dogger at base. 
This is approximately the section as seen along the steep 
eastern bank of Little Beck, just north of Falling Force; the 
Eller Beck Bed being at the top and the Dogger at the base of 
the series. The thick bed of sandstone ia remarkably persistent, 
and is the source of a considerable part of the building stone of 
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i the diatrictj the famous Aislaby quarries being in the lower part 
[ of it. 

£Uer Beck Bed.* — Thie is so called from its fine development 
' In the Eller Beck, near Goathland, It is first seen rising from the 
., at a point called Iron Soar, about a mile north of Cloughton 
I Wyke, where the section is as follows : — 

Ft. Id. 
Saodatone, close grained in upper part, and flaggy with 

streaks of dense ironstone near the base • - 13 

Thin band of ironstone with Nucula, Astarte minima, in 
great numbers, also Germllia acuta. Area (sp.), Cor- 
buia, Tancredia, and lAttorina - - - 3 

Shales well bedded and ferruginous - - - 3 n 

Thin band of ironstone, unfoasiliferous - - (I 3 

Shales, similar to above - - - • 1 f! 

Ironstone - . - - - - 11 3 

Total - - - i; .1 

The section remsuna practically the same over a considerable 

I distance, the bed being easily traced at the top of the undercUff, 

1 between the Peak and Hajbmrn Wyke, up to the great Peak fault. 

f It is not seen in the cliffs again till we reach Hawsker, where it 

first comes to the face of the cliff immediately on the nortli of 

Maw Wykc, from which point it continues to High Whitby, and 

sitter turning inland for a short distance once more reappears just 

north-west of Saltwick Nab. From thia point it continues to the 

mouth of Whitby Harbour, where it is the capping rock of the 

East Cliff. 

The only other exposure of this bed is in a little stream that 
flows into the Little Beck Alum Works, The section here ia as 
I follows : — 

Vt. lo. 
Sandstone, flaggy and mieaceous, splits to very thin 

laminee in lower part - - - - 5 

Shales, sandy in upper part, bluish grey below - 3 U 

Sandstone, carbonaceous, and conCalniuf; occasional 

ferruginous nodules composed of ahella in the middle - 3 
Ferruginous sandy shale - - - 5 

Ironstone with Fkoladoiaya Samanni - - - 5 

Ferruginous shale - - - ■ f / 

Ironstone casings with liquid mud inside - -03 



Total 



12 i* 



The ironstone nodules in the middle of the second band of 
I' sandstone contain nearly the same fossils aa tho " l^holadomya 
' ironstone " below. The chief are — a small GtyphtEa, Astarte 
ma, Ceritkium, Cardium, Avicula, Gervillia acuta, and a 
' few other fossilB. 

A small thslance above Falling Force, near Old May Becks, 
the hard sandstone at the top of this section may be seen dipping 
into the stream, but the shales and fossillferous parts are com- 
pletely covered by debris. 
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From the EUer Beck Bed to the Millepore Bed the Estusrioe 
Series coneiuts roughly of two parts, aandstoae predominating in 
the upper portion, shale in the lower. 

This feature is well ehown in the section at lilea Wyke, whid 
is as follows ; — 

Ft. Jo. 
Muaive false-bedded sanilatoDe, very rerruginauB • 60 

Light BBndy shsle - - - - 8 

Hard white stone - - • - - y 

Dark shale n-ith undeiclay - - - 2 

Shale wilh carbonaceoua banda - - • 20 

Hard white stone - - - - 1 

Bhale 9 

Coal seam, very impure - - - - 4 

Rubbly flaggy aandrtone, reaU on the £I'«r Beet Beii . 10 



In the great cliffs between Ilayburn Wyke and the Peak t 
part of the aeries is usually covered by the dfihris from the upp< 
cUff. There is, however, a very clear section at Haweker, but ti 
npper limit cannot be fixed* as the Millepore Bed appears to haYi 
died out. 

The MillepoTt Bed. — The best section of this marine bed ie on * 
the shore just north of Cloughton Wyke, where it presents a 
somewhat conspicuous reef covered at high water. This reef 
consists of about 10 feet of massive sandstone, which is very 
ferruginooB, and contains o. considerable number of fossils in ite 
upper part ; but towards the base these die out, and the rock 
becomes a sandstone destitute of fossUa. This reef, which repre-| 
aents the Millepore Bed to the south of Scarborough, is, howevra" 
not nearly so calcareous as at CaytonundGristhorpe, and even wlii 
little calcareous matter remains seems confined to quite the upp( 
part, and dies out gradually to the north, so that in the cli^' 
about Staintondale nothing remains but a few inches of rotten 
ferru^ous beds with imperfect fossils. In the iuterior of the 
country we have been unable to make out the bed with certiunty. 

From the exposure at the north end of Cloughton Wyke the 
Millepore Bed rises in the eliif,* and may be traced as far as 
Haybum Wyke, where it turns inland. At Haybum, the ground 
being covered by Boulder Clay, and also probably much faulted, 
the outcrop becomes very uncertain, and can only be inferred 
from the distance of the beds above. 

About half a mile south of Petard Point a little ferruginous > 
sandstone, containing casts of fossils, crops out in the cliff edgOM 
and from this point northwards it may be seen at intervals neaa 
the base of the upper cliff. About 500 yards south of Blea Wykoy 
where the word " Spring " is written on the six-inch map, ia t' 
following section : — 



MILLEPORE REl>. 



Shftly sandstone, very ferruginous - . .50 

Three buida of ironatone in very feii'Uginous sanily ahale 3 H 
Sandstone, calcitraDUS at top and very femi|{inDua 
throughout, probably • - - . ti II 



The lowest of the three bands of ironstone coatains ii considei'- 
able number of fossils. The chief are — 

Modtola imhricata. Sow, 
Trigonia rceticosta. Lye. 
Vnieardium ? 
Area. 
Cucullcea. 
The upper few inches of the aandstoue are so calcareous as to 
pass almost into a ferruginous enndj limestone. Fragments of 
crinoide occur iii some abundance in a crystalline condition, and 
give the rocks a semi-crystalline aspect. There are a few species 
of fossils in this bed, but they are ditCcult to extract. 

A little farther north, where a footpath leads up the cliff from 
"Fox Holes" towards Peak Hall, the following section may be 
seen; — 

Ft. lo. 
Hard yellow sandstone • - - - 5 

Soft yellow calcareous sandstone, with fosails - 2 

Hard ferruginous band, many sraall fossils • -04 

Flaggy sandstone, speckled white - - - I (i 

Flaggy sandstone - _ - - - - a 

Dogger band, speckled wliite - - - 6 

Soft wliite sandstone, seems to contain a few easts of 
fosHila - - - - - -2 (I 



Total - - \-2 G 

This bed caps the cliff at the gardens of Peak Hall ; and from 
this point its outcrop takes a direction inland at ri^ht angles to 
the cliff, until meeting the Peak Fault, when it is thrown up to 
the top of High Moor over the Peak Alum Works. A thin bed 
of ferruginous sandstone, with a few indistinct casts of small 
fossils, may be seen in the gutter by the side of the high roail 
from Staintondale to Bay Town ; beyond this we have been 
unable to identify the Millepore Bed. 

Middle Estuorine Series. — This is the principal coal-bearing 
horizon of the Lower Oolites \ it consists in the main of shales, 
with three or four well-marked bands of sandstone, containing 
great abundance of plant remains. The sandstones frequently die 
out within short distances, but some of the beds seem more 
persistent than others. 

There are one or two thin coal aeaina in this series, but they 
haye never been much wrought in the district described by this 
Memoir. At Maybecke a drift has. been put into the highest 
seam about 10 feet below the Grey Limestone Series ; and a eeam 
is said to have been worked near Cloughton Wyke, but this may 
have been simply a soft jet pit. In former times, this soft jet or 
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OoliCe jet was very extensively worked, aeuaily being obtained by 
(Iriftmg in at the outcrop of the rock in which it occurs ; pits, 
however, were sunk where the jet occurred in sufficient quantity. 
The most extensive xoft-Jet* mining was foniierly cnrried on at 
Gate Hohn Wood an_d High Normanbj- in the Hawsker district, 
and on a smaller scale at Cloughton Wyke, &c. 

Except at Haybuni, where they have been removed by denuda- 
tion, those beds ure well Been all iilong the cliffi from CloughtOD 
to the Peak, North of the Peak, from the dying out of the 
Millcporc Bed, this division of the Estuarine Series becomeB 
amalgamated with those below, and their further outcrop hae been'1 
described imder that head. 

The sandstone at the top of this seriea in verj' hard and siliceous; 
and in the neighbourhood of Kar wood-dale, where it is quarried aa' 
a road stone, the workmen give it the name of " Sint." At 1 
Cloughton this bed contains at its base a few small fosailB, ap* J 
parently some species of Ostrea or Gryphcea, accompanied by the'l 
species referred to in the foot note on page 42. These, and closeljF^ 
allied species, usually occur at the base and often at the top St% 
the marine beds lu the Lower OolitCi and seem to mark the gradm * 
change from marine to freshwater conditions. In consequence o 
this it may appear doubtful whether the sandstone should not be J 

included in the Grey Limestone Series; but as it forms a p 

it seems more convenient to separate it from the distinctly marinol 
series above. 

Tlie following elear section of these beds may be seen at'l 
Cloughton Wyke: — 

Ft. Id. 
Evenly-bedded massive sandstone, Bligttly calcareous, 

with a few small fossils at the base - - 13 

Soft rubbly atone with a band of dark ehale at fop - 11 

Hud dark shale - - - - :^ 

Soft shale, ferruginous in parts - - - 15 

Hard sandstone - - - - 1 

Soft sandy shale ■ - - - - 2 

Thin band of wan- micaceous sandstone - - 10 

Shale 14 

Sandstone with Eqwisetites at top - - 1 4 

Skal^ Cool 6 

Dark sandy shale - - - - - 9 

Sandstone with Eaaisetiles - - - it 

Shaly sandstone with wavy lamination - - 3 6 

Carbonaceous shale with irony doggers - - 1 

Sandy shale with vertical Equisetites - - - 2 6 

Gkv soapy shale with plant remains - - 10 

Dark carbonaceous shale - - - -06 

Grey soapy shale with plant remains - - 4 6 

Ooalti Seam - ■ - - - -OS 

Shale with thin hard sandy bands and soft jet - - 5 

Sandstone well bedded, becomes shaly at base, also con- 
taining nodules in another place - - 10 
Grey shale - - - - . - 1 3 
Seam of Oonl and ahale - - - - 7 
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a inferior variety of Jet is now imported from Spain, wiucb, trom the cheap 
which it can lie obtained, has superseded the loji or Oolite jet. 



MIDDLE KSTUARINF- SKRIES. 



Dark grey shale, occasionally coiily Bini ferruginous 

Shale with wwJt streak) .... 

Grey aandy shale .... 

Sandstone with carbonaceous morkiDfta 

Well laminated shaly saiidatone anit sandy shule with 
ferruginous streaks .... 

False-bedded sandstone 'with irony partings, fossilifcroua 
in places, cont^ning lenticular patches of rocks similar 
to the Millepore Bed . - . - - 



■ be seeu at Blea 



Another good section oi' these beds 
Wjke :— 

Ff. Iii, 
Dark shale, coaly at base - • - -26 

White nibbly falae-bedded sandstone with shale partings 40 
Hard white sandstone with EquisetiUs - - 3 

White shale with carbonaceowa band at top - • 20 

Goal Seam - 10 

Shale - - - 3 ti 

Sandstone, hard and white - - • - 3 

Total . - . 72 4 

Millepore Bed at bflse. ^___ 

Tiiis is pro*babIy all under- esti mute of about 15 feet, too much 
having been allowed for the slight slope of the cliflf. The bed of 
aandstone above is nsually included in the Middle Eetuarine 
Series ; but here it is ao unmistatably marine that we have in- 
cluded it in the Grey Limestone Series. If this Led of esudstone 
wei-e added, the total of the Middle Estuarine Beds would be 
99 ft 6 ins., or nearly 100 ft. 

In the cbffa at Hawskcr there is no Millepore Bed, as observed 
above (p. 35), nnd therefore we cannot fix a base to the series ; 
but the beds immediately under the Grey Limestone in this district 
consist principally of shales with thin sandstones, soft jet, and 
thin coal scams. This part of the Estuarine Series is scarcely ever 
well exposed inland. 

Scariorou/fh or Greij Limestone Series. — This, which is the 
most important marine series of the Lower Oolites, has a ver}- 
regular outcrop throughout a large portion of the map. It 
consists in the main of a series of siliceous and calcareous band$ 
wjtii shaly partings, end usually towards the upper part a con- 
siderable thickness of shale. 

One of the best sections of these beds is that es^iosed in the 
cliffs at Clonghton Wyke, where the following section wa* 
_ measured : — 

Cliff Sectiuu, Hundale Point, Clougkton Wykc, 

FL III. 

Irre^^tlar bedded sandstone with carbonaceous matter at 

FeiniginouB shale ■ - - - - 6 (t 

Ferruginous hands with fossils in lower [mrt - . 4 (i 
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Shkle with Kreftt numbers of foBtils: Britmnitn gigantem, 

Aitkula Braamiuritntit, Aeicula iiiai/uiDfilm$, Qernliia 

aeiila, Peeltn eltUkralui, Atlarle minima, Modiola ■<»• 

brieata, Myeeilet Scnrftarymnt . . . 

Reef of gref Btuhrlimeatona with Avkala Braambitrieiuit, 

Otirea flabelloulet, Pema roffoia, Myacilet ealcei/ormif, 

Penlacrinm, and Serf aia ... 

Seoood reef of shaly liincBtone 

Shale with Belemniles yijaateus, Acicvia Braamimriemii 

Pfcten lent. Pinna cuneata - - . 

Third reef of shaly limestone - - - 

Sh^e with few fosiils: JsicuAi Munsteri, Cardivm 
Fourth reef, hard limeatotie . - - 

Sandstone with fucoida : fossils in upper part ■ 
Hud siliceous sandstone forming a scar which runs ou 



Shale with fouila .... 

Ironstone ..... 

Siliceous sandstone with ripple marks in two hands 
Shal7 sandstoae with wa^7 lamination • 
Uara shale ..... 
Coalj shole . - . . . 

Ironstone band .... 

Hard fosniliferouB grey shaly limestone : Gerviltia s 
very abundant .... 

Shale 

Black shale . . - - - 



Total - - • 71 2 

Siandstone, forming Hundale Scar, 13 feet. 

From Humlale Point tlie Grey Limestone Series may be seen 
in the upper part of the cliff, nearly as far as Haybura Wyke, at 
which point it turns inland across Cloughton Moor until it is cut 
by the Peak Fault. 

To the north of the great depression at Hayburn Wyke there 
is an outlying portion of tliie series, which is well seen m the 
StiuntoncLile cliffy, and in the neighbourhood of Blea Wyke. In 
the latter place it appears to attain its greatest thickness, as will 
bo Been from the following section, which was measured in the 
cli68 above the Point : — 



Section lit Bleu tj'i/he. 

Flaggy sandstone with Myacites in great numliera olunR 
the lines of beddinjj ; Aricula Briiamhurimsis and a 
small Pecten abundant in the lower part; Pholadomya 
Sitina«ni? occasionally found ... 

Sandy shales, rather harder on top, with small ironstone 
nodules containing Avicula Braamiuriensis, becoming 
soft and calcareous in the middle, and harder and more 
calcareous towards the base; Betemnit^s giyonteas 
occurs somewhat plentifully in this series 

Calcareous sandstone which weathers into blocks with a 
rounded outline, the outer face often covered with 
stalactite : many small fossils • - - - 

Band of flaggy limestone which weathers easdy away ; 
Aeicula Braamburiensis, Pecten leiis, and Gei-villia 
aeula very abundant ... 



QBET LIMESTONE SERIES. 



Bard c&lcareous shales with nodules of cLoae-gr&incd 

limestone almost eomposed of shells 
Band of flaggy limestone hai'mg the appearance of hard 

cttlcureous mud ..... 

Thitt flaggy sandstone with Myncitfs along the liedding 

planes, paaaing gradually to a aandy shale : casts of & 

small Pectm are very abundant near the base 

Total 



From the oliflf section at Blea Wyke the outcrop of these beds 
Again turns inland, and contiBues in a direction slightly north of 
■west till it ia cut by the Peak Fault a little oaet of Crag Hal], By 
this fault the beds are thrown up to the weet, and their outcrop ie 
very obscure for some distance. At Pye Rigg shales with Acicula 
Braamburiensis are seen, which can be traced with more or leaa 
certainty along the eidea of Helwath Beck to its junction with the 
Jiigger Howes Beck below Dry Heads, where there is a splendid 
section of these measures. 

Section in BlooJt/ Beck, Ilurwood-daU. 

Ft. In. 
Massive sandstone. 

Hard feiruginouB sandy shale - - - -23 

Hard ironstone hand with Jmcula Braaminriensiii - 3 

Quartzose gritty band - - • (OS 

Grey sandy shale, getting harder at base - - I 6 

Calcareous band full of Amcttla Bra/imhurimiiis - 4 

Chertyband - 1 

Shale 7 

Hard calcareous band - - - - 1 10 

Dark argillaceous shale with large Oslr^n - -IS 

Quartzose gritty band crowded with Aviculn Braam- 

Imrieniis, becoming sandy at bottom - - • '2 2 

Ironstone band - - - - - 6 

Shale with nodules and great numbers of Gpecies - 15 

Hard calcareous band with fossils - . - 3 6 

Hard limestone with well-marked joints containing Ger- 

villia acuta - - - . . .10 

Shaly limestone more calcareous in parts - - 5 

Blue flinty bed ... - - 7 

Flaggy ripple-marked cherty bed • - - 5 

Mam flinty bed - • • - - I 4 

Cherty sandstone with fossils - - - - 8 

Total - - - 46 7 

Acrosa Howedale Moor the outcrop of these beds can be well 
traced by thin flaggy bands of sandstone containing casts of a 
small Gri/pkesa ;* and near Cook Hou^e shales with Avicula 
Braamhirieniiis are seen. The thin flaggy sandetones seem to be 
very persistent at the top of the Grey Limestone Series, and con- 
tinue north and west at least as far as Kirk Moor Gate on 
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Fjlingdatee Moor, where in the beck to the north-west aide of the 
Scarborough road the following section may he seen : — 



'I'hin 6ftgay sandstone {capped with grsvel). In one part 
of tlie stream it is slightlj contorted ... 
Duk coloured sandj ironstone-nodules witli few foaaiiH 
Dark micaceous ahalj sandstone : a, few plant reiusjus - 
Thin ironstone and sandstone with a few fossils 
Bitnd of ironstone, almost compoaed, id parts, of foasHs : 
Avicuiii Braamburiensh, Trigonia reclieoala, a small 
Chemnilzia, &e. . . . - - 

Thin sandstone and ehale with a few small fossils 
Ferruginous sbal; concretions with fossils 
Dark sand; shale with vcr^ small quartz pebbles 
Ferruginous- sand J nodules with a few small fossils 
Dark shale with manf casts of fossils 
Calcareous ironstone, verj- hard : Anieula Braamhurimsis 
very abundant ..... 

Shale, darker and less sandy, with one thin band of iron- 
stone : AjjkuIb Braambariensis scattered throughout - 



The hai-d calcareous beds below are covered by drift nnd debris, 
and therefore are not well seen in this section. 

There is a repetition of part of the above section (in u 

little stream) about 2O0 yards to the north-eaet; and etill further 

to the Dorth-eaat, on the side of a amoU gully over Stevenson'B 

Piece waterfall, there is a slight exposure of the upper part of the 1 

shales, while fiagments of the calcareous beds have weathered .1 

out. From this point northwards the outcrop is rather uncertain^ i 

owing to a thin coating of drift vrhich covers the moor, and nbo I 

to the fact that the hard ([uartzOse grit, which is the usual repre- ' 

sentative of the Moor Grit, seems tol)e absent, and therefore there | 

is no good feature to form a guide. 

There is no positive evidence of this series across Fylingdales 1 
Moor ; but that its outcrop has been proved in former times ia 
probable from the namo " Graystone " giien to theee hilk, a r 
used in several places where beds of grey flaggy limestone have 
been dug out for liming the land. 

The sandstone quarried at Soidsgrave if, from ita lithological 
character, probably the Moor Grit, from which we cim infer the 
outcrop of the bed below ; while in the fields on the northern end 
of Ugglebarnby Moor small fragments of ironstone, nith Aviculo 
Braatnburiensis, have weathered out of the shale. 

In making a shallow well at the new lodge at Newton House 
the lowest bands of shaly limestone were passed through, and the 
sinking was continued below to a seam of coal wliich was found at 
a dept£ of about 15 feet. 

At New May Beck Plantation a small quarry has been opened 
in the hard calcareous bands. The upper of these is about 4 feet 
thick, and of a bright blue colour in the interior ; but the outer 
part soon loses its lime, and becomes a soft ferruginous sandstone, 
with a considerable number of Casta of small fossils. The rock 
eeems to decompose too readily to make a durable road metal. 
The flaggy bed below is more sandy than at Peak ; but it still 
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contains much lime, and tbe usual fosBiU are very abLinJantfl 
'n it. I 

From this point till the beda sink bcneatli Bk>a Hill Beck tha | 
outcrop is very clear, and the following section may be 83ci 
i.lescendiug order : — 

Ft. In. 
Shales with small doggers of ironstone and fossils • 15 1) 

Bftnd of hard blue calcareous and ferruginous sandstone fl S 
Sandf sbale, slightly calcareouB - - - 4 I) 

Calcareous sandstone, with a band of grit in the middle, 

almost composed of casts of Ai»cula Braamburiensis - 2 6 
Calcareous sandy shale or impm'e flagf^ limestone - '.i 

Hard limestone band full of shells in a crystalline 

condition - - - - - - 111 

Hard calcareous shale - - - - - 2 *\ 

Flaggy sandy calcareous bed, harder in the centre - i) (I 

Blue calcareona sandy band - - - - 6 

Calcareous sandstone, ahaly in lower part, containing a 
few plant remains and small fossils - - - 7 U 

The two calcareous sandy beda make fairly good road metal^l 
and the 10-incb limestone band will probably do the same. Thia^ 
latter is the only bed in the whole series that can fairly be called 
a limestone, the beat of the other banda upon analysis yielding, 
according to information, only 34 per cent, of carbonate of lime. 

The top of the series is not exposed in the bank, but there ia 
probably not-more than five feet-of ehale hidden by the debris of 
the Moor Grit ; and in the bed of the stream further south there is 
a. flaggy sandstone with casta of lHyacitcs in considerable numbers 
at the lop of the shales. About 10 feet below the base of the 
series is a coal seam, said to average 1 1 inches thick ; its outcrop 
can be seen, and there la a drift into it exactly under the spot 
where the above section was measured. 

There are several other fine exposures of these beds in this 
neighbourhood, the western branch of the May Beck stream 
presenting a section several hundred yards long. The principal . 
fossils here are Avicula Braamburiends in great profii8ion,j 
Gervillia. acuta, Pecten lens, Nucula minima, a small Trigonia, '. 
Ostrea, apparently two species, and many Belemnites ; but there isf 
a remarkable paucity of species, except in the hard limestone band, ^ 
from which, however, it is difficult to extract them. 1 

For a short distance ^ong the left bank of the stream the out--' 
crop ia marked by small masses of calcareous tufa, in which are 
some fine impressions of leaves of recent plants ; but there is no 
absolute exposure till reaching Parsley Beck, where a good section 
of the lower hard calcareous beds may be seen. From this point 
the outcrop on Sleights Moor can only be fixed by the Moor Grit 
above, and the small fragments of ferruginous sandstone or iron- 
stone with Avicula Braamburiensis that have been weathered out 
of the shales. 

There ia a small exposure of the lower hard beds of s 
impure limestone in Little Beck, not far from Goathland ; but tho'l 
rest of the series is completely obscured by fallen blocks of sand- 1 
stone, &c. in the bed of the stream. At the base of the Moor Grit is 1 
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tte flaggy sandetone, contaioiiig caets ofMyacitetm great numbers.* 
In Brockn Beck a nearly complete nection can be seen, much 
resembling that at May Beck ; but the beds as a nhole are leea 
calcareoua, and much of thi? argillaceous nmtter is replaced by 
silica, BO that the beds iu the lower part of the seriea have become 
considerably harder, and not nearly so fossililerous as they were to 
the east. 

In Eller Beck, near where the Whitby road croeses that streaoi, 
there is also a good section of the upper part of these beds, which 
seem to be rather more ferruginous at this spot. A short time 
since, a day hole was put in close to the bridge, with the hope of 
working them for iron ore, but apparently without euccess. To 
the west of this the heda are seen rising in the railway cutting, 
and thoj' then strike across the moor townrds Killing Pita in the 
next map. 

In the northern pari of this map, and extending into 104 S.E., 
is 11 large outlier of the Grey Limstone Series, capped by the 
shales and sandstones of the Upper Estuartnc Series, the whole 
being cut in two nearly equal parts by the Whitby Fault. 

The most southerly section near the coast is at a waterfall at 
Gate Holm Wood, near Hawsker Bottoms, about 500 yards 
inland from Maw Wybe ; it is as follows, in descending order: — 

Ft. In. 
Dark gtef ebele - - - • - 2 6 

Band of ironstone doggers with fossils - -06 

DarkahaleB - - - - - -26 

Ironatone bsnd, n-ith Avievla Braambui-iensis, Pectea teas, 
Gerviltia acuta. Cucullma caneellala, Astarle minima, 
a large TViffoma, and several other foasila - - 10 

Oalcareous aandstone in cubical blocks contuning many 
small fosBils - - - - - 5 

Fhgg7 impure limeGtone containing a fevr species in 

great abundance - - - - 3 

Sandy calcareous Bboles - - - - 5 

Hard dtu-k calcareuua shale with nodules of limestone 
almost composed of shells in a serai-cryatulline 
condition - - - ■ - 3 

Impure flaggy limeslane eery foaaitiferous - - 3 

Dark shale with a few fosaila - - - 1> 

Total - - 27 4 

The last band of flaggy limestone makes a fall of about 15 feet, 
the beds beneath consisting of dark shales and thin sandstones. 
This is an exceedingly convenient section to examine, as the lime- 
stone beds were formerly quarried and burnt for lime, the flaggy 
bands being also used as paving for footway. Many blocks with 
Pecteu hns, AvicuJa Braamhuriensh, Sic. may now be seen in the 
paved footway from Whitby to Kohin Hood's Bay. 

The upper flaggy limestone band continues in the bed of the 
stream for some distance to the south, while the shale may be 
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There can be little doabl that thia shell is a MyacUa, and not a freshivatcr 
ehe11_, for it is identical in size and shape with the shells ()c!curriag in a similar 
position at the Peak, where they ore accompanied by sereral marine apecies. 
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occaaionaUy Been in the banke of tlie stream ; and proceeding 
northwarda the hard calcareous beds crop out in several place«> 
along the aides of the next amall stream near Nype Howe. 

From thia point the outcrop of the Grey Limestone paaacs into 
the next map ; and then, akirting i-ound to the south of WWtby, 
entera this area again near Cock Mill. A little south-weet of' the 
mill a seriea of very interesting sections may be seen in Shawm 
Rigg Beck, and its tributai-iea towards Sneaton. Althougli tlie 
entire series may be seen three or four times over, the vegetation 
is too great to permit of a carefully measured section. The 
following, however, is probably neax' the truth; — 

Ft, In. 
Light-colouied sandy ehales with thin bands or sandstone 
containing a few fossils ; at the base is a row of iron- 
stone doggers with Avicula Braam/niHeanif in great 



CoJcareous sandstone, very bard and difficult to break, 
having a bright bluish grey colour on a newly frae- 
tured surface. The upjier part of this bed U sometimeB 
covered with fragments of crinoidal steins - -40 

FlagRy limestone band, hard and sandy : Gerviltia acuta 
is very abundant, also a finely stttated anvall Pecten - 1 6 

Calcareous shale; exact thickness doubtful - - 5 

Very hard calcareous bed with a conchoidal fracture 
towards the base - - - - - 2 ti 

The outcrop to the south of this has to be inferred, as the only 
evidence of its presence are the flagstone quarries in the Moor 
Grit in and around Sneaton. In the Harwood-dale valley near 
Biu'gate, there is an inlier of these beds, of which a few feet are 
exposed in Grange Wood ; but the general outcrop ia very obscure. 
Again in the small valley below Ripleys these beds must also 
crop out, but we were unable to make out the scctioo, and tlie 
lines have been put in by aid of the Moor Grit, both here and to 
the south of Cloughton. 

The Vpjier Estuarine Scries. — These beds occupy nearly the 
whole of the moorlands in the centre of the map. They have a 
thickness of over 200 feet, and consist principally of shale, with a 
few irregular bands of sandstone of little commercial importance, 
and one or more beds of granular iron ore. These rest on a 
massive bed of sandstone, which, on account of its development in 
the interior, has been called the " Moor Grit." This latter fre- 
quently makes an excellent building stone, and is quarried at 
Cloughton, while at Sneatou it supplies the district with flag- 
stones. The outcrop of these beds covers a larger area of surface 
in this district than aTiy other division of tlie strata that we have 
to describe. 

Commencing on the coast north of Scarborough, these shales 
occupy a great belt of county right across the central portion of 
the map, forming nearly the whole of the great spreading moors of 
Harwood-dale, Fylingdales, and Goathland, and extending up the 
valley of the Derwent, and its tributaries, into Troutsdale and 
Croescliff. 
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The Moor Grit, which i» well seen in tho cIUTb about Cloughton 
aud Stain to ndale, forms a somewhat conspicuous filature along the 
ampbitheittre of hills nbove Holiin Hood's Bay, to the Houth of 
SaeatOQ, and generally across the moorlands. As we mentioned 
above, it is frequently the only guide in tracing the softer beds of 
the Grey Limestone Series below. It also eropa out in Eller 
Beck, in the hid of the Derwent near its source, and in Har- 
wood-dftle. 

The Vornlirash. — This, ivhich is the higheet bed of the Lower 
Oolites, is only a few feet in tliickness, and therefore never makes 
a large spread ; but it is found in the steep bank at the base of the 
Middle Uolilea along the southern portion of the map, where it 
haa a very extended outcrop. i 

In the banks of the stream below Low Langdale End the I 
Combraeh is well exposed, and the following section was there j 
measured : — 

Ft. In. 
Hud femigiiious limestone witb fossils • -20 

Shalv sandstone - - - - 1 

Sanastune with root-like markings - - - 4 

Further north tlie fossiUferous portion appears to be rather 
thicker ; and in the upper part of Langdale, where this bed is seen 
in several places, the measurements ai-e : — 



Hard limeatone with Oatrta Marshii 
Shftly bed ... 

SandBtone with markings 
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In Newton Dale, just beyond the western edge of the map, the 
thicknees of this rock has very much increased, and it attains 
greater importance than in any other part of Yorkshire. It is 
well seen m the natural precipices along this valley, having a 
thickness of rather more than 10 feet, in three or four distinct 
beds. 

The outcrop of the Combrash continues from the south of 
Haokness along the sides of the Derwent valley, and the branch 
streams coming down from Troutsdale, Bickley, and CroBBcliff*. j 
From thence, skirting the sides of the beautiful Langdale gorg^ g 
one part turns to the east, and, striking along the hillside aboTS<| 
Ilarwood-dale and Scalby, completes the circuit of the HacknesB 
Hill; the other part, turning west, follows the right bank of the 
Derwent to High Woof How, near the source of that river, where 
it attains an elevation of over 900 feet, and thence falls gradually 
towards Fen Steps into Newton Dale. 

Besides the large outlying portion of tiiis rock at Hackness 
several smaller outliers occur at Throxenby, on Langdale Moor, 
Harwood-dale Moor, and at Blea Hill. 
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The Middle Oolitee, although merely a continuation of tlie 
beJfl described in the Explanation of the Map to ihc south," are 
pardoolarly well developed in this Quarter Sheet ; and there arc 
several important changes which it will be necessary to notice. 

The Kellawnys Bock.—T'hn, the lowest bed of the Middle 
Oolitesj which was gradually becoming thicker towards the north, 
has in this map attained considernbte importance. This ia cbiefly 
owing to the base of the Oxford Clay above having become more- 
sandy and passing into rook, the combined thickness of the two 
remaining about the same. Along the northern part of the outcrop 
of this rock the thickening of the upper portion of the sandstone is 
very remarkable ; for on Blakey Moor, and near the higher part of 
Langdale, the upper part forme a distinct feature above the general 
spread of the rock on Lockton, Allereton, and Wykeham High 
Moore. This upper feature appears to be separated from the 
main mass of rock below by a thin band of clay, which seems to 
ilie out towaida the southern edge of the map ; but the lines arc 
very obscure, and it is probable tiiat there is a gradual passage 
from one into the other, as is the case in a\[ the lower snbdivisloiB 
of the Middle Oolites. 



The central portion of the rock is a massive sandstone, gra- 
duating into shale both towards the top and towards the base. In 
the west of the map this more massive portion forms a lai-ge 
spread of moorland, which has very much the character of a 
Millstone Grit moor, especially at Grey Stones and Thompson's 
Rigg, north and south of Blakey. 

The Kellaways Kock has been quarried at Hackness for a 
great number of years, and is a most excellent building stone if 
the blocks are carefully selected. ProFeasor Phillips says, "Its 
durability is evinced by the condition of the stone in the ancient 
church at Ilackneas, which was probably built about ihe end 
of the thirteenth century ; and its good effect in arehitecture 
may be seen to great advantage in the new church and new 
rauaeum at Scarborough, and especially in the museum of the 
Yorkshire Philosophical Society [at York], in the construction 
of which blocks of great magnitude have been employed." 

The outcrop of this rock usually forms a well-marked feature 
about half-way down ihe great escarpment formed by the Lower 
Calcareous Grit ; but in tTie west of the map it forms a greater 
spread, and stretches away to the north as fur as Tora Cross Kigg 
and High Woof How, whei-e it attains its greatest elevation, — 
950 feet above the sea. 



* The Geology of ihe Oolitic and Cretaceous Iloriit e 
(Geological Survey Memoir), |>p. 12-sa, 1879, 
K 9G3. 
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There is an inlying portion of this rock in the Hole of Horcum, 
and several outliers sit Scarborough, Throxenby, Hacknesa, Lai^- 
dale Moor, Harwood-dnle Moor, and Blea Hill. At Hacknees the 
Kellaways Rock, although covered in great measure by superior 
beds, is found in the bottome of the valleys which intersect the 
hill. 

T/ie Orforil Clai/.—Thc Oxford Clay, which, as we have just 
noticed, is bo intimately connected with the KelJawaya Kock that ■ 
it is difficult to say where the base of it should be placed, in 
throughout its whole thickness ratber a sandy shale than b 
clay. 

It occupies a narrow band below the escarpment of the Cal- 
careous Grit, and its outcrop is nsnally well shown by being that 
portion of the steep slope which ia brought into cultivation. The 
Calcareous Grit above is either naoorland or plantation, while the 
Kellawaya Rock below usually flattens out into a terrace of 
greater or lessor extent. 

This clay or shale crops out at the base of the Calcareous Grit 
escarpment along the banks of the Derwent and its tributaries, 
between Hacknese and Saltersgate, and along the sides of the 
outliers of Hackness Hill, Langdale Bigg, and Blakey Topping. 
There are also inlying portions, of small extent, in Staindale and 
the Hole of Horcum. 

The junction of the upper portion of this clay with the baae 
of the Calcareous Grit is so gradual that no exact line can be 
drawn. The most marked horizon, and perhaps the best on 
account of the change in soil and the purposes to which the land 
can be applied, is that where the numeroiis springs burst forth, 
and wbich is also shown by the general wetness of the land below. 
The Calcareous Grit above this point is also very shaly, and does 
not become a true sandstone rock for at least another 60 feet or 
so. These junction-beds are generally well seen in the steep 
"griffs" which terminate the valleys in this district, and which are 
kept cleai- of vegetation by their rapid denudation. 

The Oxford Clay was I'ormerly, at Coomboots, used for making 
bricks and tiles ; but it was found to be too sandy to be of much 
value, and it has since been abandoned in favour of the more 
argillaceous clays of the Combrash which crop out a little lower 
down the hill. 

The Lower Calcareous Grit. — This rock, which forms the most 
striking physical features in the district, crops out in the southern 
portion of the map in a series of bold escarpments ; generally 
facing the north, but also flanking the course of the Derwent and 
its tributaries in the neighbourhood of Hacbness, Troutsdale, and 
Langdale End ; and, stretching thence away to the west in the 
magnificent sweep of Crosscliff, attains its greatest elevation — 
960 feet — at Saltersgate. 

Besides the main mass of the rock there are several remarkable 
outliers. Of these the largest is that at Hackness, which, although 
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forming a compact mass with an unbroken scarp on the eaat, 
north, and west, ie deeply cut into in its central portion by the 
several branching valleyd which drain into the Dertrcnt at 
Hackness. 

Another very remarkable outlier is that known as Langdale 
Rigg. This ridge, although nearly two miles in length, is often 
not more tlian 50 yards broad at the top ; and, rising to a height 
of 600 feet at its northern extremity, it has a very peculiar aspect 
when viewed from the north side of Kobin Hood's Bay. 

There are also the curious conical hills at Low Langdale End, 
and that of Blakey Topping, the summits of which are formed of 
this rock. A curious feature of this formation are the numerous 
spurs or nabs into which it has been denuded by the springs and 
small streams issuing from the Oxford Clay below. These nabs, 
which have a very atriidug appearance around Hackness and 
towards Troutsdale, have a marked resemblance to natural fort- 
i-esaes ; and the remains of dikes and other ancient works which 
are scattered over their summits would seem to indicate that they 
were an important stronghold in former timeii. 

The lithological character of the rock is similar to that described 
in the map to the south, being a massive yellow calcareous sand- 
stone in ita upper part, graduating into a sandy shale towards its 
base. 

The Lower Calcareous Grit in this map attains a Tery great 
thickness ; including the ahaly beds at the base, it cannot be much 
less than 150 feet. 

The Greystone. — This bed, which to the south waa described 
under the name " Greystone," is better known about ECackncas 
by that of "Wallatone." Although only about 20 or 30 feet 
thick, it is a well-marked bed in this district, and represents the 
passage from the Calcareous Grit below to the Coralline Oolite 
above, but is very different litbologically from either of them. 

On the Ilacknesa outher it is a hard " glance " limestone, rather 
ferruginous in places and very fossiliferous, and capable of being 
split into slabs for building walls and other purposes, for which it 
is largely used. The lower part of tiie rock graduates into soft 
sands, and these again into the more solid sandstone of the Lower 
Calcareous Grit below. 

Further to the west, beyond Bickley, this rock changes very 
much in character. Decoming much more gritty, and losing the 
calcareous aspect almost entirely, it passes into a true grit, with 
here and there a few lenticular aggregations of fossils and 
calcareous bands. It is this rock which forms those remarkable 
blocks known as Bride Stones ; which, etanding up on the bleak 
surface of the moor above Staindale in a most peculiar manner, 
have a very weird appearance. Beaides several masses which join 
on to the side of the hill, and have more the appearance of 
ordinary crags, there are about 10 or 12 of these detached blocks, 
one of which measures as much as 80 feet in circumference and 
is 16 feet high, About half a mile further west this rock has the 
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appearance of being run togotlier nnd cemctileil by silica, and was 
tbnnd to he eo hard ae to require blaHting. It is evidently this 
siliceous nature ivbich has enitbled the IJride Stones to etand out 
and resiist the efTecte of the weather. 



Tfie Coralline OoW*-,*— The Coralline Oolite, although oapalile 
of division into at leawt five separate horizouB, is, on aCROiint of 
the extreme thinness of fioine of the beds, best described ns ont- 
formation. 

The complete series of these beds, having a total thickness of 
about 100 feet, is only representt^d at one place in the map, and 
even there only over a very small ar^a. On the hill betweeo 
Silpho and Hackness the whole of these subdivisions may be seen, 
forming as it were a hump of a more rounded uutline overlooking 
flatter beds lielow, 

Resting on the Greyetone just described there may uaualljr 
be observed a peculiar rubbly bed, wbieh, although only a few feet 
thick, is of some impr.rtance. This bed, which is called by the 
workmen " Cold Head," is an impure siliceous limestone abounding 
with corals of the genus ThnmiuistrcBu and Isastrrea. In fact 
it is a regular coral bed, similar to that described in the map to 
the south, but occupying a lower horizon, and containing a 
different fauna. It ia quarried at several places for mending the 
ronds, and being very hard is well suited for the purpose. Where- 
«ver this bed covers the surface for any distance it forms vei-y 
good land, and the sweetest pastures of the district occur on it. 

This Coral Bed is best seen at Suffield, Silpho, and Broxa, but 
there are indications of its extending as far as Bickley. 

The Coral Bed is succeeded by a considerable thickness of oolitic 
limestone, which ia separated into two portions by an intervening 
bed of sandy strata. 

The lower of these limestones occurs at Silpho, Suffield, and 
on the moors to the west. It is of a good thickness in the 
neighbourhood of Hackness, but near Bickley it becomes very 
thin, although it thickens again further to the west near Lockton. 

This limestone ia characterized by the paucily of its fossils. It 
contains however the usual forms common to the lower portion of 
the Coralline Oolite, such as Gei-villia aviculoides, Ostrcajlabelloides, 
Gryphaa minia, &c. 

The intervening bed, which represents the Middle Calcareous 
Orit of the map to the south, is a soft sandstone, containing 
Modiola bipnrtitu, Pecten articulalus, and Terebratula intermediaf 
It is obscurely seen on the hill above Hackness vicai-age; but it 
spreads out around the village of Silpho, forming a red clayey 
soil, and here it haa been proved In numerous excavatione. 

The Upper Liraeatone occurs only on the hill south of Silpho, 
where it has been quarried at one or two places. It consists of 
several beds of massive oolitic limestone, much more fossiliferous 
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than thut belo\ 
abun<jance : — 



, and uontainiag tfae followitig fossils in considerable 



TJiecesmiliu unnulai 



:, FJem 



Cidaris /loriffemma, PhiU. 
Cidans Smithii, Wright. 
Serpula, 

GrypkcBa mtma, Phill. 
Ostrea gregana. Sow. 
Astarte avails. Sow. 
Mi/acites. 

Chemiiitilfi Heddingtoneiisis, Sow. 

Kerincta. 

Phasianella striata. Sow. 

Above the limestone occurs a secuud corsd bod ; and nlthougb- 
the junction is not well seen at Hacknesa, it is evident that it must 
lie above that juBt described. This bed is mainly composed of 
white crystalline llmeBtoiie with Thamnastraa conclnna, and is 
very similar to the Coral Rag mentioned in the map to the south. 
It stands up, in the fields (jn LotFeyhead Heiglite, in irregular 
bosses, which show the boiiugs oi Litlwdnmi. 

Above the upper beds of limestone and coral rag on the west 
side of Loffeyhead is another thin bed of sandstone. Although 
not absolutely seen in section, it is sufficiently proved by the 
iragments in the fields, which contain fossils common to the Upper 
Calcareous Grit of Pickering and Kirkby Mooreide. 

The unique section which has been preserved on the outher 
just north of Hackuess represents no less than seven sub-divisions 
above the Lower Calcai'eous Grit. Of these the two uppermost 
have not been observed elsewhere in this district, the nearest 
exposure of the Coral Hag, at Ayton, being distant about four 
miles ; while there is no outcrop of the Upper Calcaieous Grit 
nearer than Pickering, at a distance of nine miles. 

The fbllowing generalized section may help to give some idea 
of the character of these beds at Hackness, with their estimated 
thickness : — 

Ft. In. 
Soft reddish sandstone, not seen in section, about - - Ul 11 

Coral rag with ThamaastTxa conoinna and borings of lAtho- 
domi. Maaaive oolitic limestone in several beds, very 
foasiliierous, with Aslarlf tivatis,Chemnilzia Heddingtoneasis, 
Nerinea, Stc, in the upper pftrt ; and near the ceatre a, verj* 
shelly bed, with Thfcosmilia annularis, Cidaris fiorigentma, 
Cidaris Smithii, Phasianella striata, SfC. - - 40 

Soft sandy beds with Modiala bipartita, Peeten artiimUitMS, 

and Ttrtbratula intermedia f • - - - 20 & 

Massive oolitic limestone, poor in fossils, with Ger^Ua 

avicaloides, Ostrmfiabellotdes, Gryphma tnimo - - 30 

Cherty ragged beds, mainly tomposed of corals, Isaatrtea, &c. 6 
Hard siliceous and ferruginous flaggy limestone, with Gervillia 

aviouloidet, Exogura nana, &c. &c. • - • 26 

Saady beds of the Lower Calcareous Grit, 
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IGNKOUS BOCKS. 

The only igneous rock here to be ileaciibed is that of the well- 

' known ba§altio " WhinBtone Dyke " known na the ClovelaoJ Dyke ; 
which, after traversing the Oolitic Moorlands on iJie west, enters 
the map about three miles S.S.W, of Sleighta. 

The VVliin Dyke crops out in a nearly stmigbt hue, mnning 
E,8.E. across bleights Moor and Sneaton High Moor, where it 
forms the backbone or ridge of the long stretch of moorland, and 
where it has been extensively quarried. Its position may be well 
fixed by the line of," Howes " or tumuli upon it. It here comes to 
the surface through tlic Upper Estuarine Shales, which, for a 
distance of about 2 feet, it Ims baked to a haitl white coarse 
porcelain, locally known as "China Metal." The breadtli at 
the western edge of the map is about 28 feet, and by the 
time it has reached Blea Hill Rigg it cannot be more than 

' 20 feet. Here the dyke may be a, line of small fault; but this 
appearance ia probably due simply to the Kellaways Bock slipping 
over the shales of the Combrash. The long heather, and the 
absence of blocks, make it uncertain if the Whin hae come through 
the Kellaways Bock; but it seems probable that it has. It 
certtunly cuts the Cornbrash on the east side of the hill ; from 
which it only continues to be seen at the surface for a few hundred 
yards further E.S.E. Beyond this it ia never seen again at tlie 
surface. 

Throughout this district the Whinstone is a bright-blue baBalt, 
of a lighter colour and finer texture than further to the N.W. 
It contains small crystals of glassy felspar; cavities are very 
rare, the few that e-tist being usually filled with Mesotypa 
The stone has a conchoidal fracture, and makes a high class of 
small road metal ; but in this district it is not used for paving. 
At the surface the basalt has weathtred into rounded blocks, 
generally small, enclosed in a ferru^nous casing; but at some- 
depth down it occurs in large blocks, rather angular in shape. 
The sides split up into thin plates of an inch or two in thickness, 
or more often into small prbmatic pieces a few inches square ; 
these are of a very fine close-grained texture ; the centre of the 
dyke being usually rather coarser. The Dyke has a considerable 

. hade, so that in crossing a valley its outcrop fonns a slight curve, 

' the apex pointing to the N.N.E. 
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Glacial Beds. 
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Boulder Clay and Gravel. — The Boulder Clay which oocura I 
in this map is a portion of that great sheet which extends along 1 
the coast from ylamborough northwards. It maintains in this 
district its usual character of a stiff blue clay, with rounded and 
Bub-angular pebbles and boulders, intercalated here and there with 
seams of sand and gravel, the Btriatious on the harder kinds of 
stones having been preserved. The boulders have been derived 
principally from the Oolites and Lias ; although blocks of Car- 
boniferous Limestone, Granite, and other rocks foreign to the 
district are not wanting. J 

The diifc on the northern side of Scarborough contains much I 
more gravel than that to the south ; and in the cliffs east of I 
Bumiston, where these gravels are well expoaed, there are f 
140 feet of coarse but well stratified gravel and sand, with littla | 
or no clay. This ia distinctly seen in several places, mora par- * 
ticularly near Scalby Lodge and BurniBton Fields, to fill up the 
hollows of old valleys. This drift, which entirely covers all the 
low ground about Scalby and BuiTiiston, stretches up the .valley 
at the foot of the Hackness Hill towards Harwood-dale, where it 
finally temiinatea in several detached mounds of gravel near J 
Caatlebeck Farm and Keasbeck Hill, J 

The two valleys on either side of Brown Eigg, which coraeT 
down to Hayburn Wyke, have also been filled in with Boulder 
Clay and Gravel, which much obscures the rocka below. Probably 
these depodte have to a certain extent altered the courses of the 
sti-eams, the present mouth being apparently 50 yards south of 
its old position. Tlie thickness of ilrift in this valley must be ■ 
considerable, as the present streams, although cut to a depth of I 
neai'ly 100 feet, have failed to penetrate it in many places. " 

The high ground ai'Ound the Peak is now almost free from 
drift, only very small patches being observed on the top of the 
cliff south of Peak Hall. But that this country was once covei-ed 
by drift is quite clear from the great number of pebbles of foreign 
rocks, principally white quartz, which can be found even at the 
greatest altitudes ; as, for example, on High Moor, over the Peak 
Alum Works, at a height of 850 feet above sea-level. The high 
moorland south and west of Kobln Hood's Bay is free from drift, . 
a fact which has hitherto prevented its reclamation, aa the glacial \ 
beds form a far better soil than the barren Oolites, 

Along the flanks of the hills oncircllug the Bay the drift has 
in most cases been waslied off the upper part of the Upper Lias, 
wherever the shales of that formation form a high steep bank. 
Thia is very well seen all along the south and south-east eacarji- 
nient of the Lias, where the face of the hill is free from drift 
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[ far down u the Jet Bock, The centnl put of tlie B^y is 
I itceofned hj » thick tD»s of glacial depoof, which in the more 
[ «:wterlr diilrictA (aa io a aemi-drcle round Bay Town mad Fyling 
] Thorpe) ii> dinaible into three ir<-II-marked portiouF. 

The iMtetr Boulder Clay U utuollj feen bcknr the " Kliddlc 

w>d9," when tti« Ifllter mv pre^vJit. It cooeixtg of a dark 

i parple-coloaretl t^IaVf very lienvy, and eonttuntog man}' hirge 

I boulders, the greiite*t number l>eing of Shap granite, \VTiin *tone, 

I Carboaiferone nod Magoceiau Limestone. 

Middle Sandt. — Tlii?, the second diviiiou of the Glacial beds, 
r oonaista of !>and uad gravel ; uettaUy occurring in the foUowmg 
I order, in the cliflTa of Bobin Hood's Bay : — 

(1.) Fine soDil, &lBe-bedded, and coataining &«gmentfi of coal. 

TbU bed passes rapidlj to— 
(II.) Coane reirueinous gravel, larffelj composed of Gryphxa 
iaenree anu other broken fowils, chiefly Lower Lias 
species. large lumps of chale, especullf of the Jet Rock, 
with pebbles of ijuutx and other rocka of forei^ origin. 
(Ill, J Fine tand, very sitnilar to No. (l.< 

These beds may be well ^^en in the cliSs in itie middle of the 
Bay, and many fragmeni* of Trlliaa Baifhieti can be found at 
the junction of (I-) and (II.) 

There are a few other exposures of this sandy seriea. The 
cliief are — at Spring Hill, near the Flask Inn ; in the bank of the 
email stream near Brock Hall ; and in the new cutting for the 
road to Bamsdale Mill. These sandy beds are the source of most 
of the water id Fyling Thorpe, where they are coYered by a few 
feet of clay. Their thickness here lias been proved to be more 
than 30 feet. 

At Kirk Moor Gate, on the road fi-om Whitby to Scarborough, 
there is «a pxtensive ilejwsit of gravel and sand, which appears to 
be of this age. "Wind Hill forma part of it, and consists of soft 
sand; but the rest seems to be a fine, rather sharp, itand and 
gravel, mixed together, and citn be seen resting immediately on 
rfie Moor Grit beneath. 

The Upper Bou/drr Clay is of a light-red colour, with a small 
admixture of foreign pebbles, rarely of large size. This clay ia 
not very heavy, and contains a considerable admixture of sand, 
often in thin bands ; in consequence of this it is sometimes used 
for brickmaking, 

Post Glacial Beds. 

Petit, — Although the growth of peat on the moors takes place 
I wherever theie is a " slack place," or where the drainage is in any 
I way arrested, still there are comparatively few places where it 
I covers any considerable area. The principal deposits are on 
I Earwood-uale Moor, near the Falcon Inn; May Mobs, on Aller- 

1 High Moor ; and Fen Bogs, over which the Whitby Railway 
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is carried. These latter ure both on the line of watershed, iind 
consequently the waters from them flow both north into the 
Esk and south to Ihe Derwent, Besides these there are smaller 
patches near the Salteregate Inn, iibove Slaindnle, on Suffield 
Moor, and generiiUy in the higher parts nC most of the moorland 



^ 




This pent is at present dug in only three iiiaces, — at Fen Bogs, 
on Allerston High Moor, ;iiid at the Falcon ; the inhftbilanlB 
preferring the turf or roots of t!ie heiither to the genuine black 
peat for purposes of fuel. 



Alluvium. — Alluvial deposit:*, formiug flats slightly raised above 
the level of the streamH, occur along the valleys of the Esk and 
Derwent; and there is also a small patch of alluvial clay just 
south of Burniston, filling an old hollow in the Boulder Clay. 



CHAPTEK VI, 
PHYSICAL STRUCTURE. 

The geological formations which come to the surface in this 
map may be said to divide the country into three separate areati, 
having somewhat different characteristics, but corresponding more 
or lesa to Iheir respective geological divisions. 

In the south of the map are the great flat-topped hills of the 
Middle Oolite, forming the north-east corner of the tabular range 
which extends from Hainbleton to Scarborough. These form a 
bold escarpment to the north, which extends in a more or less 
unbroken line from Saltersgate to Scnlby. At Hackneae the 
Derwent and its tributaries break through this range, and, by 
forming the hills into numerous projectmg spurs, cause much 
diveraity in the landscape, giving rise to some of the finest scenery 
iu the aistrict. 

At the base of this great escarpment are the shales and sand- 
stones of the Lower OoUtes, spreading out to the north in a vaat 
tract of wild moorland, which at Lilla Howe attains a height of 
978 feet above the sea. These rocks occupy by far the largest 
part of the map, covering nearly all the high ground with the 
exception of thai mentioned above. They torm also the moors 
near Saltersgate, known as Lockton, Allerston, and Wykeham 
High Moors, where the Kellaways Rock runs out from beneath 
the general mass of Middle Oolite, and forms a considerable 
spread. The Lower Oolites also constitute the entire thickneSB of 
the clifls from Blea Wyke to Scarborough, with the exception of 
those which are covered by Boulder Clay. 

The third and remaining area comprises the deep valleys in the 
north of the map, formed by the Esk and its iJ-ibutaries ; it also 
includes the hollow of Robin Hood's Bay, "When these dales arc 
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cut to n great deiilli in tbe Liaa tliey are beiiutii'ully Hj-mmetrical : 
as u well shown on the south aide of Rohin Hood's ilay, whwa 
the great bank of Upper Lias with its precipitous sides is con- 
tinuous from the Peak Fault to Howedale Beck. Near thu base 
of the Upper Lias the Jet Rock makes a conspicuous 
while the saudy scries of the Middle Liaa forms a still bolder 
terrace below, when not obliterated by drift Though iho outcrop 
of the Lower Lias cannot be actually seen, tte poaition maybe 
inferred by the stco]) bank which even the covering of drift cauuot 
conceal; the base of this bank in the middle of the Bay being tlie 
hard marly bands of the zone of Ammonites o.eynotaa. 

Eskdale ia not cut to so great a depth in tbe Lias as Bobin 
Hood's Bay, only 100 feet of Lower Lias being observed ; but tbe 
symmetrical teiraces can be well seen on the south side of tbe 
dale. 

The general dip of tbe beds in the southern pari of the map is 
south, with hero and there a few local variations ; but on the 
whole the geological structure is extremely simple. Upon reaching 
the middle of Robin Hood's Bay, however, tbe beds are observed 
to roll over and dip in a northerly direction, at a considerably 
greater rate than that at which they rose from the south ; [or, on 
reaching tho cliff under Nype Howe, the Dogger ia only 10 feet " 
above high-water mark, so that the strata have dipped 750 feet in 
2^ miles. 

The effect of tins change of dip can be very well seen on the 
edge of the moor over Park Hill, Robin Hood's Bay ; oa Uggle- 
bamby Moor, where the beds are lying almost flat ; and in the 
great sear of Lower Lias shale, called Blue Scar, on the south 
bank of the Esk. Thus we have a great anticlinal axis running 
from the mouth of Mill Beck, Robin Hood's Bay, through tlie 
middle of Eskdale. The effect of this in Eskdale is very curious, 
as the beds really appear to dip east at the eaetem half of tbe 
dale, and west at the western half ; this appearance being caused 
by the valley crossing the anticlinal in an oblique direction. The 
beds dip west of north at Hawsker, to the east of north at Sneaton, 
and to the north at Rigg Mill Again at Little Beck Alum 
Works the strata dip east, while at Kirk Moor Gate they are 
falling to the west. Thus we have a synclinal axis passing slightly 
east of Whitby, across Fylingdales Moor, and through Blea Hill 
Rigg, whose greater length being north and south can be accoimted 
for by its lying in this trough. 

There would aeem to be an anticlinal axis slightly west of 
and parallel to the Peak Fault ; the intersection of this and the 
great east and west anticlinal has doubtless caused the quoqua- 
versal dip just inside the Bay, which the scars so beautifully 
illustrate. 

Along the southern edge of the map there is also a well-marked 
synclinal axis, caused by the roll up of the beds mentioned in 
describing the country to the south, and with which anticlinal it 
roughly parallel. This axis commences near the hamlet of 
Snffleld, and ranges weetwarda by Hackness Hallj south of Bi-osa 
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and Langdale End, and acrysa Allerston Low Moora to the neigh- 
bourhood of Lockton and Leviaham. South oF this line tho strata 
roll up and dip northerly for a short distance, so that the beds 
south of the Derwent at HacknesB are at a higher level than those 
on the northern side of the river. It is owing to thie synclinal 
axis that the unique Bection of the Coralline Oolite at Hacknesa 
has been preserved. 

Faults. — There is only one large fault in tho area included in 
this quarter sheet. Its exact position is clearly shown on tlie 
BcarB and in the cliff at the Peak, from which it is generally 
known aa the Peak Fault. On the scars a triangular piece of 
rock may be observed, composed of hard sandy shale, containing 
Cardium trunnatmn in great abundance, which is evidently the 
top of the Sandy Series of the Middle Lias. The west eilge of 
this scar is dipping 15° in an easterly direction ; whilst in close 
proximity are soft grey micaccoua shales containing Ammonites 
deiisinodus, Belemnites elegnnn, and Gryphfea obHqnaUi, showing 
that these are the lowest of the A. (irmoim beds. The cliff imme- 
diately above these latter shales is 350 feet high, and the highest 
part of the clifi' consists of the middle and lower part of the Sandy 
Series, of whioh the top is seen in the triangular scar. Hence, as 
the dip is inland, the tIu:ow of the fault is the total height of the 
cliff and the thickness of the beds brought under it by the dip, 
added to the email portion of the Sandy Series which has been 
denuded off the top of the cliff ; that is to say, the throw of the 
fault seen on the west side of the triangular piece of rock is about 
-±00 feet. On the east side of this triangle the Grey Shales and 
ihe top of the Ironstone Series are observed rising sharply sea- 
ward ; hence tlie throw of the fault thus indicated is slightly 
more than the thickness of the Ironetoue Series, i.e. nearly 
100 feet. These two faults unite before reaching the shore; and 
the total throw of the combined fault is well seen some distance 
up the cliff, where the top of the Upper Lias is nearly level with 
the base of the Middle Lias, making the total throw a little over 
400 feet. The hade is moat clearly visible on the pathiray down 
the Coomb, and a small spring issues along its line. 

The direction inland ia a little east of south, its position being 
well shown under Crag Hall, about half a raiie inland, where the 
Dogger abnts against the Grey Ijimestone, the downthrow being 
somewhat less than 400 feet. 

Its further course inland is difficult to determine accurately; 
indeed, the most obscure portion of the map is that about Stain- 
tondale, where the Peak Fault, in its passage to the south, breaks 
up the Lower Oolite in a manner whlcli, from the nature of the 
rocks themselves and from the thick covering of Boulder Clay, 
is exceedingly difScult to make out, That the fault runs some- 
where between Pyc Rigg and Beil Hill* is evident; for at both 
of these places, which are nearly on the same line of strike, but 
have a difference of elevation of about 200 feet, fossils of the Grey 

* Tliis spot is marked " Old Hall and Hospilal " on the 1-iuch map, 
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Liaiestoue Series have been found. There also appears to be a 
break in the eacarpment below the Whitby road, at a spot nearly 
a mile from the Falcon Inn, which ia probably caused by a branch 
of this fault. The main branch of the fault, however, runs just 
west of Cloughtou village ; the Moor Grit being seen capping 
Ripleya Bank, from which it ia thrown down 100 feet or more, ho 
;i8 to crop out in the upper part of the village. Whether thie 
fault is continued further to the south there is no means of 
knowing, a^ the country ie thickly covered with Boulder Clay, 
and the solid strata do not appear except on the coast. It is very 
probable that the dislocations about Scarborough may be a con- 
tinuation of this fault; and the disturbance ser;n in the rocks 
south of Scalhy Ness Point would seem to point to a, possible 
connection. 

The only other place where disturbed strata have been obaerved , 
sOuth of the Peak is at Hayburo Wyke, where there is a sharp 
anticlinal striking nearly north-west, which may be caused by ■ 
branch of the Peak Fault ; but the evidence is not siiffioient to 
warrant it being so mapped. The fault at Tbroxenby, mentioDeelfl 
m the description of the map to the south, also seems t( 
some connection with the western branch of this fault. 
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